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NUCLEIC ACID MUTATION DETECTION BY ANALYSIS OF SPUTUM 



This work was supported by a grant from the National Cancer Institute (NCI 
Grant #1P50 CA561 84-01). The United States Government may retain certain 
rights in the invention. 

BACKGROUND OF THE IMVEMTIQM 

1, Rftldpftho Inygntion 

This invention relates to a method of detecting a target nucleic acid in sputum 
and reagents useful therein. 

2. DMeripflon of Related Art 

An increasing body of evidence implicates somatic mutations as causally 
important in the induction of human cancers. These somatic mutations may 
accumulate in the genomes of previously normal cells, some of which may then 
demonstrate the phenotypes associated with malignant growth. Such oncogenic 
mutations may lndud(5 a number of difJerent types of aMerations in DNA structure, 
Including deletions, translooitions and single nucleotide alterations. The latter, 
also known as point mutations, may frequently be involved In carcinogenesis. In 
that a variety of mutagenic chemicals induce such mutations. In addition, such 
mutations may occur spontaneously as a result of mistakes in DNA replication. 

Advances in recombinant DNA technology have led to the discovery of normal 
cellular genes (proto-oncogenes and tumor suppressor genes) which control 
growth, development, and differentiation. Under certain circumstances, 
regulation of these genes is altered and cause normal ceils to assume neoplastic 
growth characteristics. There are over 40 known proto^ncogenes and 
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suppressor genes to date, which fail into various categories depending on their 
functional characteristics. These indude, (1) growth factors and growth factor 
receptors. (2) messengers of intracellular signal transduction pathways, for 
example, t)etween the cytoplasm and the nudeus, and (3) regulatory proteins 
Influendng gene expression and ONA replication. 

Point mutations have been directly impHcated In the causation of many human 
tumors. Some tumors cany oncogenes of the ras gene family, which differ from 
their nomial cellular counterpart proto^ncogenes by the presence of a point 
mutation at one of a limited number of sites in these genes. Simiiariy. point 
mutations in critical regions of tumor suppressor genes, such as p53. are often 
detected In tumor cells. These mutations reptesent qualitative changes in the 
tumor cell genome which distinguish these cells from normal cells and provide 
abasisfordiagnosisofthefleneticoriginofatumorunderstudy. Identification 
of the mutations that have created active oncogenes may provide important 
diagnostteandprognosticduesfbrtumordevelopment For example, a number 
of mutations have been found to alter the 12th codon of the /as oncogenes 
causing replacement of a noimally present glydne by any of a number of 
alternative amino add residues. Sudi amino add substitutions create a potent 
transforming allele. Thus, the presence of a particular nudeotide substitution 
may be a strong detemiinant of the behavior of the W cell (e.g.. its rate of 
growth, mvasivenesa. etc.). As a result. DNA probes for oncogene mutations 
have promise as diagnostic reagents in dinical oncology. 

Among the various types of neoplasms, a number of those whidi are found in the 
lungs are assodated with oncogenic mutations. Lung cancer is the leading 
cause of cancer related deaths in VVtetem countries. The piogno^ 
wrth king cancer is primarily dependent on the stage of the tumor at the time of 
clinical diagnosis. Currently, only 25 to 40 percent of all lung tumors are 
considered resectable atthetimeofinitialassessmenL Patients diagnosed eariy 
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with stage I tumors have a 40-70% survival following surgical resection. An 
attenpt at lung cancer screening through the use of tri-annual sputum cytology 
and annual chest x-ray has proven inadequate for the eariy detection of lung 
cancer. Alternatively, the finding that tumors progress through a series of well- 
5 defined genetic changes, including point mutations in oncogenes, has stimulated 
efforts to develop additional, non-invasive tests that coukj more reliably detect 
neoplasms of the lung, such attempts have failed. The present invention 
addresses this need. 



SUMMARY OF THE tMVFMTfnM 



The present invention arose from the unexpected finding that nucleic add having 
a mutant nucleotide sequence associated with lung neoplasia is present in 
detectable levels in sputum specimens from patients with lung neoplasia. 

As a consequence of this discovery, the present invention represents a 
significant advance over such techniques as tissue biopsy by providing a non- 
Invasive, rapid, and accurate method for detecting mutant nucleotide sequences 
associated with lung neoplasia. The DNA amplification based approach of the 
invention can identify one ceil carrying a mutant gene among a iar^e excess 
(greater than 10.000) of normal ceib. Based on this finding, it is now possible to 
detect various other target nudeic adds assodated with other disease states. 

The present Inventton provides a method which can be used as an adjunct to 
cytopathology. to screen high-iisk populations and to monitor high risk patients 
undergoing ehemoprevention or chemotherapy. 



PgSCRIPTIQN Q P THE DRAWIMftff 



FIGURE ^ shows gene mutations in sputum. Clones with a PGR insert from the 
p53 gene hybridized to an oligomer probe specific for the codon 273 Arg-)His 
mutation in the patient's {L4) tumor (T). fewer clones hybridized to the same 
probe In the patienfs sputum (S) and no dones hybridized to the probe In a 
control sputum from a patient (L15) without a p53 gene mutation In the patients 
primary lung cancer (C). 

RGURE 2 shows saquendng gels of dones which contained the p53 nornial and 
mutant sequences. The wild type sequence is seen in nomiai (N) control and the 
273 CGT.)CAT (Arg->Hl8) mutant sequence (arrow) in the tumor (T) with a 
residual wild type band. The same mutant band Is seen in^ sputum (S) as that 
found in the primary tumor. 



DETAILgP DESCRIPTIQM OF THP iHYFNTi^N 



The present invention relates to a method of detecting a nudeic acid having a 
mutant nucleotide sequence present in sputum, wherein ttie presence of the 
altered nucleic add sequence is associated with neoplasia of the lung. 

in Its broadest sense, the present invention allows the detection of any target 
nucleic add sequence of diagnostic or therapeutic relevance, where the target 
nudeic add sequence is present In sputum. Thus, the target nucleotide 
sequence may be. tor example, a mutant nudeotide. a restriction fragment length 
polymorphism (RFLP). a nudeotide deletion, a nudeotide substitution, or any 
other mammalian nudeic add sequence of interest 

In one embodiment tiie method of the Invention is applicable for detection of 
mutant nudeotide sequences assodatad witii benign as wall as malignant 
neoplasias. In a preferred embodiment neoplasia of the lung is detected, 
although the metiiod can be used to detect any neoplastic mutant nudeotide 
sequence, regardless of origin, as long as the sequence is detectably present in 
sputum. For example, head and ned( cancers shed cancer cells into sputum and 
can be detected. 

Numerous nudeic adds having mutant nudeotide sequences ttiat prt)duce an 
abnormal gene pnaduct are known to be assodated with various neoplasias. 
Among tiie most common mutart nucleotide sequences are oncogenes and 
tumor suppressor genes, sudi as tiw mutant oncogene, mutated in colon 
cancer (MCC). deleted in colon cancer (DCC). adenomatous polyposis cofi 
(APC). familial adenomatous polyposis coli (PAP) and p53. Of spedal 
significance in the present invention is ttie detection of the K^s mutant 
oncogene and the p53 tumor suppressor gene (Vogebtein. Nature, 348:681 
1990). 



In order to analyze sputum specimens according to the method of the invention, 
it is preferable to enrich for epithelial ceils present in the specimen. This may be 
accomplished by mixing the sample with an epithelial cell specific monoclonal 
antibody, such as EBA-1 or Ber-Ep^ {Can. Res. 53:3455, 1993) available from 
Dakopatts, Gestrep Denmark.) Other epithial cell specific antibodies will be 
known to those of skill in the art 



Amino adds referred to herein may be identified according to the fblk}wing three- 
letter or one-letter abbreviations: 



Three-Utter One^^r 

AmingAdd Abbreviating Abbf 



A 
R 
N 
D 
C 



L-Alanine Ala 

L-Arginine Arg 

L-Asparagtne Asn 

L-Aspaitic Acki Asp 

L-Cysteine cys 

L-Glutamlne Qin q 

L-GiutamicAdd Glu c 

L-Glydne Gly « 

L-Hiatidine His u 

L-lsoleudne He | 

L-Leudne Leu i 

L-Lysine Lys k 

L-Methionine Met u 

L-Phenyiatanine Phe f 

L-ProRne p 

L-Serine ser s 

L-Tnreonine .Thr j 

L-Tiyptophan Trp yv 

Hyrosine Tvr v 

L-Valine val J 
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When It is desired to amplify the mutant nucleotide sequence before detection, 
this can be accomplished using oligonucleotide(s) which are primers for 
amplification. These unique oligonucleotide primers are based upon 
identification of the flanking regions contiguous with the mutant nucleotide 
sequence and are capable of substantially hybridizing with the flanking regions 
so that amplification can proceed. For example, in the case of K-ras. these 
oligonucleotide primers comprise sequences such as nucleotide sequence 5'. 
AGGAATTCATGACTGAATATAAACTTGT^' (SEQ. ID NO. 1) and/or 
5'.ATCGAATTCTATGCATATrAAAACAAGATr.3' (SEQ. ID NO 2) and 
sequences complementary thereto. In the case of p53. the ollgonucle<«lde 
pnmers comprise sequences which are capable of hybridizing with the flanking 
nucleotide sequence. wherein the primers are 5'. 

GTAGGAATOACTTGTGCCCTGAC7T.3' (SEQ. ID NO. 3) and 
5'^TCGAA7TCCACTGACAACCACCCm.(SEa ID N0.4)(e«^ 
S^TAGGAATTCCAAGGCGCACTGGCCTCS' (SEQ. ID NO. 5) and 5'. 

ACTGAATTCTTCGTCTCCTCCACCGC3'(SEQ.IDN0.6)forexons7^ and 
sequences complementary thereto. 

The Primer, which can be used acco««ng to the method of the invention 
en^mceol^onudeotldesofsufflciemiengthandappro^^ 
prtn^despedfiolnaialk^ of polymeria 

monies containing the target nudeic add. In this manner. It Is possible to 
setec^vely ampfify the spedfic target nudeic add sequence containing the 
nudelcaddoflmm^st Spedfically. the tem, primer as used herein refers to 
a sequence comprising two or mom deoxyribonudeotWes or ribonudeotWes 
preferably at least eight, whtah sequence is capable of Initiating synthesis of a 
pnmer extension product whfeh is substantially complementary to a tamet 

nude^addstrand. The ol^onudeotldeprir,«r typically contains 1^22 or ml 
nudeotides. although It may contain fewer nudeotkJes. 



Btperimental conditions conducive to synthesis include the presence of 
nucleoside triphosphates and an agent for polymerization, such as DNA 
polymerase, and a suitable temperatufB and pH. The primer is preferably single 
stranded for maximum efficiency In amplification but may be double-stranded. 
If double-stranded. the primer is first treated to separate its strands before being 
used to prepare extension products. Preferably, the primer is an oligodeoxyribo. 
nucleotide. The primer must be sufficiently long to prime the synthesis of 
extension products in the presence of the inducing agent for polymerization. The 
exact length of primer wfll depend on many fedors. including temperature, buffer, 
and nudeotkie composition. 

Primers used according to the method of the im/ention are designed to be 
"substantially- complementary to each strand of terget nucleotide sequence to 
beampfifled. Substantially complementary means that the primer? must be 
sufficiently comptementary to hybridize with their respective strands under 
condltionswhichallowtheagentferpolymerizationtofunction. Inotherwords 
the primers should have sufficient comptementarily with the flanidng sequences 
to hybridize therewith and pemnit ampOflcation of the nucleotide sequence. 

Preferably, the 3' temtinus of the primer that Is extended has perfectly base 
paired complementerity with the complementery flanking strand. 

Oligonucleotide primers used according to the invention are employed in any 
amplification process that produces Increased quantities of target nucfeic add 
Typically, one primer is complementery to the negative (-) strand of the mutent 
nudeotide sequence and the other is comptementery to the positive (*) strand 
Annealing the primera to denatured nudeic add followed by extension with an 
enzyme, sudi as the large fragment of DNA Polymerase I (Klenow) or Taq DNA 
polymerase and nudeotides results in newly synthesized ^ and ^nds 
conteining the terget nudeic add. Because these newly synthesized nudeic 
aods are also templates, repeated eydes of denaturing, primer annealing, and 
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extension results in exponential production of the region (I.e., the target mutant 
nucleotide sequence) defined by the primer. The product of the amplification 
reaction is a discrete nucleic acid duplex with termini con-esponding to the ends 
of the specific primers employed. Those of skill in the art will know of other 
amplification methodologies which can also be utilized to increase the copy 
number of target nucleic acid. 



The ofigonudeotide primers for use in the Invention may be prepared using any 
suitable method, such as conventional phosphotriester and phosphodiester 
methods or automated embodiments thereof. In one such automated embodi- 
ment, diethytphosphoramidites are used as starting materials and may be 
synthesized as described by Beaucage, etal. {Tetnhednn LettBrs, 22:1859- 
1862, 1981). One method for synttiesizing ofigonudeotides on a modified sond 
support is described in U.S. Patent No. 4.458.066. One method of ampOlication 
whfch can be used according to this invention is the polymerase chain reaction 
(PCR) described in U.S. Patent Nos. 4,683,202 and 4,683,195. 

Any sputum specimen nudeic add. In purified or nonpurified fbmt, can be utilized 
as the starting nudeic add or adds, provided it contains, or is suspected of 
containing, the spedfic nudeic add sequence containing the target nudek: add. 
■n us, the process may employ, far example. DNA or RNA.induding messenger 
RNA, wherein DMA or RNA may be single stranded or double stranded. IfRNA 
is to be used as a template, enzymes, and/or conditions optimal fbr reverse 
transcribing the template to DNA would be utilized, in addition, a DNA-RNA 
hybrid whidi contains one strand of each may be utifized. A mixture of nudeic 
adds may also be employed, or the nudeic adds produced in a prevksus 
amplificatfon readion herein, using the same or difTerent primers may be so 
utilized. The mutant nudeotide sequence to be amplified, may be a fradion of 
a larger molecule or can be present initially as a discrete molecule, so that the 
spedfic sequence constitutes the entire nudefc add. It is not necessary that the 
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sequence to be amplfltad be present Welly in . pu„ ft,™; it may be a minor 
fraction of a complex mixture, such as contained in whole human DNA. 

Whem the targ^ mutant nucleotide sequence of sample contains two 
««n* , „ nece,^ „ the «rands otth. nucleic add before it can 

^uaedasthetemp^e. Strand ..pa,«,o„ can be ejected eifter as a sepal 
s^or.™ultane«,s«,wi«„he.y«h..i.of.hepHmer«c,«,sionp™duct, This 

^^■^-y^ Physic, ^ „ ^ J 

*^,nclud..*l«^„^ OnephyslCm«,o,ef.ep.,«i,^„^ 

-.-turabon may »„olv. t«nperab^ ransin, »„n .5ou, toT^ct 
pranging f^maboutito 10 m^ute. Strand sepa^ttcn ma lo ^ 

.»-bm..d^*xafu„e<^^,J^:;:^';^^^^ 
strands to predues Kun * »"ay men De separated (nto single 

» produce two smgie separated complementary strands Altema«wl 
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When complementafy strands of nucleic acid or . adds are separated, regardless 
of whether the nucleic acid was originally double or single stranded, the 
separated strands are ready to be used as a template for the synthesis of 
additional nucleic acid strands. This synthesis is perfonned under conditions 
allowing hybridization of primers to templates to occur. Generally synthesis 
occurs in a buffered aqueous solution, prefierabiy at a pH of 7-8. most preferably 
about 8. Preferably, a molar excess (for genomic nucleic acid, usually about 
10M primerrtemplate) of the two oligonucleotide primers ie added to the buffer 
containing the separated template strands. It is understood, however, that the 
amount of complementary strand may not be known If the process of the 
invention is used for diagnostic applications, so that the arnourt of pcilnef relative 
to the amount of complementary strand cannot be detemiined with certainty. As 
a practical matter, however, the amount of primer added wi generally be In 
molar excess over the amount of complementary strand (template) when the 
sequence to be amprified is contained in a mixture of complicated longH:haln 
nudeic add strands. A large molar excess is preferred to fnpreve the effidency 
of the process. 

In some amplification embodiments, the substrates, for example, the 
deoxyribonudeotide triphosphates dATP. dCTP. dGTP. and dTTP. are added to 

the synthesis mixture, either separately ortoge^iierwith the primera. in adequate 
amounts and the resulting solution is heated to about 90MOO«C from about 1 to 
10minutes,preferablyfinDm1to4minute8. Afterfhis healing period, the solution 
is allowed to cool to room temperature, whidi is preferable for the primer 
hybridiration. To the cooled mixture is added an appropriate agent for effecting 
the primer extension readion (called herein "agent for polymerization"), and the 
reaction is allowed to occur under conditions known In the art The agent for 
polymerization may also be added together with the other reagents If It is heat 
stable. This synthesis (or amplification) readion may occur at room temperature 
up to a temperature above whidi the agent for pdymerization no longer 
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functions. Thus, for example, if DNA polymerase is used as the agent, the 
temperature is generally no greater than about 40*C. Most conveniently the 
reaction occurs at room temperature. 

The agent for polymerization may be any compound or system which will function 
to accomplish the synthesis of primer extension products, including enzymes. 
Suitable enzymes for this purpose include, for example, £ coli DNA polymerase 
I, Taq potymerase. Klenow fragment of £. coli DNA polymerase I, T4 DNA 
polymerase, other available DNA polymerases, polymerase muteins, reverse 
transcriptase, ligase, and other enzymes, including heat-stabie enzymes (i.e.. 
those enzymes which perfbnn primer extension after being subjected to 
temperatures sufficiently elevated to cause denaturation}. Suitable enzymes will 
fedlitate combination of the nucleotides m the proper manner to term the primer 
extension products which are complementary to each mutant nucleotide strand. 
Generally, the synthesis wil be initiated at the 3' end of each primer and proceed 
in the 5' diiedion along the template strand, until synthesis terminates, producing 
molecules of different lengths. There may be agents for polymerization, 
however, which initiate synthesis at the 5* end and proceed in the other direction, 
using the same process as described above, in any event the method of the 
invention is not to be Gmited to the embodiments of amplification which are 
described herein. 

The newly synthesized mutant nucleotide strand and its complementary nudeic 
acid strand win form a doubie^tranded molecule under hybridizing conditions 
described above and this hybrid is used in subsequent steps of the process. 

In the next step, the newly synthesized double<«tranded molecule is subjected 
to denaturing conditions using any of the procedures described above to provide 
single-stranded molecules. 



-14- 



The above process is repeated on the slngle-stranded molecules. Additional 
agent for polymerization, nucleosides, and primers may be added, If necessary, 
for the reaction to proceed under the conditions prescribed above. Again, the 
symhesis will be initiated at one end of each of the oligonucleotide prirners and 
will proceed along ttw single strands of tite template to produce additional nucleic 
add. After this step, half of the extension product will consist of the specific 
nudeic add sequence bounded by the two primers. 

The steps of denaturing and extension product synthesis can be repeated as 
often as needed to amplify the target mutant nudeotide sequence to the extent 
necessary for detedion. The amount of the mutam nudeotide sequence 
produced wiH accumulate in an exponential fesWon. 

The amplified produd may be deteded by analyzing it by Southern blots without 

using radioadive probes. In audi a process, for example, a small sample of DhIA 
containing a very low level of mutant nudeotide sequence is ampRfM and 
analyzed via a Southern blotting tedinique. The use of non^radioadive probes 
or labels is fadStated by the high level of the amplified signal. 

Nudeic adds having a mutation deteded in the method of the im«ntion can be 
further evaluated, deteded. doned. sequenced, and the like. eHher In solution 
or after binding to a sdM support, by any mettuxJ usually applied to the detedion 
of a spedfic DNA sequence audi as PCR. oligomer restridion (Salki. et bI. 
BfaTecfVKifoaK. 3:1008.1012. 1985). altele^R^coligonudeotide(ASO) probe 
analysis (Conner, et al„ Proc, NatL Acad Sd. USA, fiD:278 1983) 
oUgonudeotide ligation assays (OlAs) (Landegren, ef a/.. Seience, ail'iOT?' 
1988). and the Ike. Molecular tediniquesfbr DNA analysis have been reviewed 
(Landegren. ef a/.. Sdenca, 242:229-237. 1988). Thus, in a preferred 
embodiment where the mutant nudeotide sequence to be deteded is K-ras a 
hybridization probe is utilized whk* is capable of hybridizing with mutant 



-15- 



nucleotlde sequences comprising 5'-TTGCCTACGCCAACAGCTCC-3' (Val") 
(SEQ. ID NO. 7). 5'-TTGCCTACGCCATCAGCTCC-3' (Asp'^) (SEQ. ID NO. 8). 
5'.TTGCCTACGCCACTAGCTCC-3' (Ser'^ (SEQ. ID NO. 9). or 5'- 
TrGCCTACGCCACAAGCTCC-3' (Cys^ (SEQ, ID NO. 10) and sequences 
complementary thereto. Where the mutant nucleotide sequence to be detected 
is p53, a hybridization probe is utilized which is capable of hybridizing with 
mutant nucleotide sequences comprising y-CACAAACATGCACCTCAA-S* 
(Mis'") (SEQ. ID NO. 11) or5'-TGCGCCGGCCTCTCCCA-3' (Gly"') (SEQ. ID 
NO. 12) and sequences complementaiy thereto. The wild type K<ras and wild 
type p53 are detected by hybridizing with nucleotide probes which hybridize with 
nucleotide sequences comprising 5'-TTGCCTACGCCACCAGCTCC-3' (SEQ. ID 
NO. 13) and 5'-CCGGTTCATGGCGCCCAT-3' (SEQ. ID NO. 14); respectively. 

In an embodiment of the invention, purified nudeic add fragments containing 
intervening sequences or oilgonudeotide sequences of 10-50 base palis are 
radioactively labelled. The labelled preparations are used to probe nudeic add 
from sputum bythe Southern hybridization technique. Nucleotide fragments from 
sputum, before or after ampfification. are separated into fragments of different 
molecular masses by gel electrophoresis and transferred to filters which bind 
nudeic add. After exposure to the labelied probe, whidi wiO hybridize to 
nucleotide fragments containing target nudeic add sequences, binding of the 
radioactive probe to target nudeic add fragments b identified by autoradiography 
(see GeneUG Engineering, I.ed, Robert WIKamson. Academic Press. (1981). 72- 
81). AKematively. nudeic add from sputum can be bound directly to filters to 
whidi the radioadive probe seiedively binds nudeic adds having the sequence 
of interest specific sequences and the degree of binding is quantitated by diredfy 
counting the radioactive emissions. Where the target nudeic acid is not 
ampTified, detection using an appropriate hybridization prebe.may be perfomied 
directly on the separated mammalian nudeic add. In those instances where the 
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target nudeic acid is amplified, detection with the appropriate hybridization probe 
would be perfonned after amplification. 

The probes of the present invention can be used for examining the distribution 
of the specific fragments detected, as well as the quantitative (relative) degree 
5 of binding of the probe for determining the occurrence of specific strongly binding 
(hybridizing) sequences, thus Indicating the likelihood for an individual to be at 
low mk or high risic for neoplastic disease, such as a lung carcinoma. Further 
doning allows specific evaluation of the number of mutant nudeotides (i.e., 
mutant ceils) allowing a precise estimate of risic to develop neoplastic disease. 

10 For the most part the probe will be labelled with an atom or inorganic radical, 
most commonly using radionuclides, but also perhaps heavy metals. 
Conveniently, a radioactive label may be employed. Radioactive labels indude 
"P, 'H. or the lilce. Any radioactive label may be employed which 
provides for an adequate signal and has sufficient half^. Other labels indude 

1 5 Uganda, which can sen^e as a specific binding pair nramber for a labelled ilgand, 
and the W<b. A wide variety of labels have been employed in immunoassays 
which can readily be employed in the present assay. The choice ofthe label will 
be governed by the effect ofthe label on the rate of hybridization and binding of 
the probe to mutant ntsdeotide sequence. It will be necessary that the label 

20 provide suflident sensitivity to detect the amount of mutant nudeotide sequence 
avaiiabie for hybridizatioa Other considerations wfll be ease of synthesis of the 
probe, readily available instmmentation. ability to automate, convenience, and 
theOke. 

The manner in which the label is bound to the probe will vary depending upon the 
25 nature ofthe label For a radioactive label, a wide variety of techniques can be 
employed. Commonly employed is nick translation with an a ''P-dNTP or 
terminal labeling with radtoactive "P emptoying y^^TP and T4 polynudeotide 
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kinase. Altsmativeiy, nucleotides can be synthesized where one or more of the 
elements present are replaced with a radioactive Isotope, e.g.. hydrogen with 
tritium. If desired, complementary labelled strands can be used as probes to 
enhance the concentration of hybridized label. 

Where other radionuclide labels are Involved, various Onking groups can be 
employed. Atemilnal hydroxyl can be esterifled, with Inorganic adds, (e.g., «P 
phosphate), or "C organic adds, or else esterified to provide linking groups to 
the label. Altematively, intermediate bases may be substituted wHh activatable 
linking groups which can then be linked to a label. 

Enzymes of interest as reporter groups will primarily be hydrolases, particulariy 
esterases and glycosMases. or oxidoneductases. particulariy peroxkiases. 
Fluorescent compounds tndude fluorescein and its derivatives, rhodamine and 
Its derivatives, dansyl. umbelGferone. and so forth. Chemlluminescers Indude 
ludferin, and 2. 3<iihydrophthalazinedk}nes (e.g.. luminol). 

The probe can be employed for hybridizing to a nudeotkie sequence affixed to 
a water insohibie porous support Depending upon the source of the nudele 
add. the manner in which the nudeic add is affixed to the support may vary. 
Those of ofdinaiy skill in the art know, or can easily ascertain, different supports 
vwhich can be used In the method of the invention. 

Any mammalian ceils present m sputum are treated to fibeiate their nudew add. 
The target sequences containing mutant nudeotkjes are ampTified by PGR or 
other afbrsmentmned techniques. The amplified nudeb add from a sputum 
specimen is spotted or spread onto a filtsr to provkJe a plurality of Individual 
portions. The filter is an inert porous soikl support (e.g.. nitrocelluiose). The 
lydng and denatwation of nudeio add. as well as the subsequent washings, can 
be adiieved with an appropriate solution for a suffidenttime to lyse the cells and 
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denature the nucleic add. For lysing. chemical lysing will conveniently be 
employed, as described previously for the sputum lysis buffer, other 
denaturation agents include elevated temperatures, organic reagents (e.g.. 
alcohols, amides, amines, ureas, phenols and sulfoxides) or certain inorganic 
ions (e.g., thiocyanate and perchlorate). 

In a preferred embodiment, the ampiiiied nudeie acid containing the mutant 
nucleotide is be doned into a vector (e.g.. plasmid. cosmid. bacteriophage) 
utilizing the 5' restridion sites contained within the amplification primers. Each 
done contains one copy of the amplified target sequence. The done is 
transferredtofiltersasdescribed above. IWtowedbydenaturation. Hybridization 
with an oligonudeotide/spedfic for the mutant nudeotlde allows the detection of 
one mutant nudeotide among 10.000 nom«l nudeotides whidi differ at a sinole 
base pair. 

Afl.r((en«u«ioalh.(toi.watf«lnanaqueou.bu(hredjolution such as 
Tns.genemll/«,pHofiU»ut6to8,u8ualy7. One or more washings may be 
™olved,con««ian«y using *e same p«c«ju»..«„pk,,^ 

*™<u«ion. A«**.l>*Q.d«Wurtn9.«rt«,rtm have been .eeomptehed 

.bou.50^to70.C. U-«'er1Wsp«ee*«,.«„m.defc.ddislb<edinposfflon 
«w can be essayed with (he pfobe when convenient 

P»t«*ridiia«on may be aceompUsh*! by incubaling Ihe later at a mildly 
•te»«ed tempenm» lb, a sutnoiem time wllh the hybrt^ 
*e probe to tho^ughly wtt the filter. V«lous hytMizaHon solutions may be 
•■"Pteyed. eompdsing ft«n about 20% to M% «,lume, prehnibly 30% of an 
""-tpolarorganicsotvent A eom,r„hybddization«**on«^ 3^3^50% 
femamlde, *»ut 0.6 to 1M sodium ehlorae. about 0.05 to 0.1M sodium oitme 
about 0.05 to 03% ««um dodeoyhuHWe, and minof amounts of EDTA lieoli 
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(about 300-500 kD), polyvinylpyrrolidone, (about 250-500 kD) and serum 
albumin. Also included in the hybridization solution will generally be from about 
0.5 to 5 mg/ml of sonfcated denatured DNA (e.g., calf thymus or salmon sperm) 
and optwnally from about 0.5 to 2% wtA/ol glycine. Other additives may also be 
included, such as dextran sulfMe of from about 100 to 1,000 kD and in an 
amount of from about 8 to 15 weight percent of the hybridization solution. 

The particular hybridization technk^ue is not essential to the Invention. Other 
hybridization techniques are described by Gall and PanJue. Pmc. Natl. Acad. Sd. 
53:378. 1969; and John, Bt al., Natun, 222:582. 1969. As improvements are 
made in hybridizatwn technk^ues they can readily be applied in the method of the 
invention. 

The amount of labelled probe which Is present in the hybridizalion solution wfll 
vary widely, depending upon the nature of the label, the amount of the labelled 
probe which can reasonably bind to the filter, and the stringency of the 
hybrkjizattea Generally, substantial excess over stoichiometric concentrations 
of the probe will be emptoyed to enhance the rate of binding of the probe to the 
fixed target nudeic add. 

Various degrees of stringency of hybridization may be empksyed. The more 
severe the conditions, the greater the complementarily that is required for 
hybridization between the probe and the single stranded target nudeic add 
sequencefbrduplexfbrmatkNi. Severity can be contrdled by temperature, probe 
concentratfan. probe length, tonic strength, time, and the like. Conveniently, the 
stringency of hybridization is varied by dianging the polarity of the rea<^nt 
sdution by manipulating the concentration of fbmiamkle in the range of 20% to 
50%. Temperatures employed wOl normally be In the range of about 20«C to 
80-C, usually 30-C to 75-C (see. generally. CunBnt Protocols in Molecular 
Biology, Ausubel. ed.. Wiley & Sons. 1989). 
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After the filter has been contacted with a hybridization solution at a moderate 
temperature for a period of time sufficient to allow hybridization to occur, the filter 
is then introduced Into a second solution having analogous concentrations of 
sodium chloride, sodium dtrate and sodium dodecyfsutfate as provided in the 
hybridization solution. The time for which the filter is maintained In the second 
solution may vary firom five minutes to three hours or more. The second solution 
detemnines the stringency, dissolving cross duplexes and short complementary 
sequences. After rinsing the filter at room temperature with dilute sodium citrate- 
sodium chloride solution, the filter may now be assayed for the presence of 
duplexes in accondance with the nature of the label. Where the label is 
radioactive, the filter is dried and exposed to X-ray film. 

The label may also be labeled with, a fluorescence moiety which can then be 
probed with a specific antifluorescence antibody. Corijugatod to this antibody is 
horeeredlsh peroxidase enzyme, for exampte. able to catalyze a 
chemiluminescent reaction. Production of light can then be seen on rapid 
exposure to film. 

The mateite tor ust in tl» ittMy of the inwrtion «. idMiii, Bjitad far tt» 
pmperatlon Of . kit. Such . Ml nay con^riee a carrter mean, betng 
««rj».tn««ied to teceiv. in doe. conlinement one or mom container 

««t. as ,ial.. tubes, and (he Bke. «Bh of the container means comprising one 
of (he sepaiate elements to be used in the method. 

For e«mple. one of the container means may comprise a hybrtdiation prob. 
wW>i.orcanb«d«tectablylabelW. A second container may comprise a 
sputum^pilhelial cell lysis buflir. The kit may also ha» container containing 
nudeotide(») (or amprxkalion of the taw nudeic «*J sequence and/or a 
container comprising a reporterwneans. sud. as a biotin*inding protein, sud, as 
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avidin or streptavtdin, bound to a reporter molecule, such as an enzymatic, 
florescent, or radionuclide label. 

Th@ above disclosure generally describes the present invention. A more 
complete understanding can be obtained by reference to the following specific 
5 examples which are provided herein for purposes of illustration only and are not 
intended to limit the scope of the invention. 



The Johns Hopkins Lung Project (JHLP) developed an archive of sputum 
specimens during a randomired trial of iung cancer screening (1974-1982). 
Fifteen patients from that trial went on to develop adenocarcinoma of the lung. 

The prinrary lung cardnomas from 10 of these 15 patients contairied either a /as 
or a p53 gene mutation. Using a PCR-based assay, stored sputum samples 
obtained prior to dinical diagnosis were examined for the prasence of these 
oncogene mutations. In eight out of ten patients, the identical mutation identified 
in the primary tumor was also detected in at least one sputum sample. The 
eariiest detection of a donat population of cancer cells in sputum was in a 
sample obtained more than a year prior to dinical diagnosis. These results 
provide the basis for a novel approach for detection of lung cancer based on the 
evolving molecular genetics of this disease. 
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EXAMPLg 1 
PROTOCOL FOR SPUTUM PgTgCTIQW 

A. DNA PREPARATION: Two to 3 ml Of Stored sputum (in normal saline as 
fixative), were placed in 50 ml tubes. The tubes were spun at 1000 x g in a 
Beckman model TJ-6 centrifuge for 15 minutes. The supernatant was decanted 
and 5 ml phosphate buffered saine (PBS) was added. The tubes were spun at 
1 000 X g in a Beckman model TJ4 centrifuge for 15 minutes and decanted once 
again. One ml 5 ng/ul proteinase K, 1% SOS solution was added and the tubes 
were vortexed well The tubes were then incubated in a water bath at 60^ C for 
4-6 hours. The digested sputum was transferred to a 5 ml VACUTAINER 
(Becton-Oickenson). One ml PC-9 (phenol chlorofbmi equilibrated with Tris at 
pH 9) was added and the tube was vortaxed for 1 minute before spinning at 2500 
rpm for 15 minutes using a Hermie Z360 K centrifuge. The supernatant was 
removed to a new VACUTAINER and the above last step was repeated one 
more time. 

The supernatant was then transferred to a new plastic tube and 330 ul 10 M 
ammonia acetate, 2 ul glycogen, and 3.3 ml 200 proof ethand were added. The 
tube was vortexed well and spun at 6000 rpm fori hour using a Hennle 2360 K 
centrifuge. The supernatant was decanted and J.3 ml 70% Ethanol was added. 
The tube was spun In the above condition for 2 minutes and the tube was 
decanted again. The resulting pellet was dried in a HETOVAC (vacuum drier). 
The pellet was then resuspended in 100 ul of distilled water. The sample was 
kept at 4° C. 

An alternative method for enrichment of mafignant epittieliai cells and elimination 
of norvepithelial cells in ttie sputum, priorto PCR, is as foOows. Sputum cells are 
were Isolated by centrifugation at 1.000 x g. Cells were washed twk» in HBSS 
with 2% fetal calf serum (FCS) and resuspended In 1 ml The cell suspension 



was cooled on ice and 20 ug/ml of a monoclonal antibody with specificity for 
epithelial ceils, EBA-1 (other antibodies with specificity for epithelial ceils would 
be equallyeffective) was added to the cell suspension and incubated on Ice for 
one hour. The cells were washed twice In cold (2-8*C) HBSS with 2% FCS. The 
cells were resuspended in cold HBSS/2% FCS at a cell concentration of 2-4 x 1 0* 
per ml. 

Primary EBA antibodies (bound to epHhellal ceils) were isolated on magnetic 
Dynabeads (Oynal international. Oslo Norway) as follows. Dynabeads M^50 
were coated witii a seeondaiy anta}ody (sheep-antimouse. by tiie manufeeturer). 
The beads were iirst washed twice for 5 minutes at 2-8*C iri phosphate buffered 
saflne (PBS). pH 7.4. containing 0.1% FCS. The Dynabeads were collected 
using a magnet and the supernatant was discarded and the beads resuspended 
in equivalent initial volume. 

The Dynabeads coated witti ttie secondary anti-murine antibody at a ratio of 5 
particles per target cell were added to tiie sputiim sample. The concentiation 
should be about 10' beads per ml of solution. The mbtture was incubated for 30 
minutes at 4'C on a Rock-N-Roller. Cold (4-8*C) HBSS wItt) 1% FCS was added 
in a volume at least 4xttie volume of ttMbead/ceil suspension. TheDynabeads 
were concentrated using ttw magnet The supematant was removed and the 
beads washed ttioroughiy 3 times using HBSS/1 % FCS In a volume equal to ttiat 
above (at least 4xtt)e volume of ttiebead/celi suspension). The Dynabead/ceil 
suspension was certrifuged at 1 ,000 x g and resuspended In SDS/Proteinase K 
and DNA isolated for PCR. 
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B. PCR AMPLIPICATIQN 

1. For k-ras, amplify 120 bp DNA fragment 

Sputum ONA 5 ^\ 

Distilled water 34 ^^ 

PCRbuff8r(10X) 5ui 

dNTP 3ui 

Primer Kras 1 1 yl 

Primer Kras 1 as ^ ^1 

Taq(polymerase. 5 U/uO 1 ul 

Primer Kras Is 5'^GGAATTCATGACTGAATATAAACTrGT-3' 
(SEQ.IDN0.1): 

Kras 1 AS « ff-ATCGAATTCTATGCATATTAAAACAAGATT-y 
(SEQ. ID NO. 2). 



The sample was placed In a 500 ul tube to which 2 drops of mineral oil were 
added. The sample was amplified in an Omnlgene PCR machine, as follows: 95« 
Cfbr308ec.;55«Cfbr1 min. 35 cycles; 70« C for 1 min,: and 70« C for 5 min. 
1 cyde. 
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2. For p53 (exons 4-5). amplify 500 bp DNA fragment: 



Sputum ONA 5 ui 

Distilled water 34 ul 

PCRbuffer(10X) Sul 

dNTP 3ul 

Primer 5S 1 ul 

Primer lnt-6AS 1 ul 

Taq(polymerase, 5 U/ul) 1 ul 



Primer 6S « 5'-GTAGGAATTCACTTGTGCCCTGACTT-3' 
(SEQ. ID NO. 3); 

Primer lnt-6AS = 5'-CATCGAATTCCACTGACAACCACCCTT-3' 
(SEQ. ID NO. 4). 



The sample was placed in a 500 uJ tube to which 2 drops of mineral oil were 
added. The sample was ampfified In an Omnigene PCR machine, as follows: 95« 
Cfor308ec:60»Cfar1 min.. 35 cycles; 70" C for 1 min.;and70«Cfor5 min.. 
1 cyde. 
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3. For p53 (exons 6-7), amplify 7.50 bp DNA.fragment: 



Sputum ONA 5 ii( 

Distilied water 34 ul 

PCRbuffer(10X) 5ul 

dNTP 3 ul 

Primer 7S 1 ul 

Primer 8AS 1 ul 

Taq(poiymerase, 5 U/ul) 1 ul 



Primer 7S AS s 5'-GTAGGAATTCCAAGGCGCACTGGCCTC-3' 
(SEQ. ID NO. 5): 

Primer 8 AS ■ S'-ACTGAATTCTTCGTCTCCTCCACCGC-S' 
(SEQ. 10 NO. 6). 

The sample was placed In a 500 ul tube to which 2 drops of mineral oil were 
added. The sample was amplified In an Omnigene PCR machine, as follows: 95« 
C for 30 sec; 60" C fori min.. 35 cycles; 70« C fori min.; and 70« C fbr 5 min., 
1 cycle. 

All ampGficalions performed with negative control (water devoid of any DNA) and 
positive (ceU line DNA\ controls, such as SW480 (12 yal mutation K-ias) or DZ74 
(273 cys mutation p53). 

To 5 ul of the PCR product above. 5ul of 2X stop buffer (Bromophenol blue in 
Ficon, glycerol and saroosyl with tris-acetate buffer) was added. The samples 
were run on 1% or 2% agrose gels to obsen/e the yield of amplification. The 
remaining 45 ul of the PCR product was mixed with 1 55 ul distilled water. To the 
200 ul PCR mixture. 200 ul PC-9. was added and vortexed well. The tube was 
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spun for 2 min. in Hermie Z230 M table centrii'uge at high speed. The 
supernatant was removed to another tube and the pellet was treated with PC-9 
one more time. 

The supernatant was removed to a new 1.5 ml tube and 66 ul 10 M ammonia 
acetate. 2 ul glycogen and 660 ul 200 proof ethanol were added and the tube 
was vortexed well. The tube was spun for 20 min. in a Hermie Z230 M table 
centrifuge at high speed. The supernatant was decanted and 660 ul 70% 
ethanol, was added and the solution mbced. The tube was spun for 2 more 
minutes and decanted again. The sample was dried in a HETOVAC. 

DNA was resuspended by adding 4 to 8 ul of distilled water depending on the 
siziB of the peliet Two ul of DNA was mixed with 1 ul T4 Lamda Zap I, 
(Stratagene. Jolla. CA) 1 ul standard T4 figation buffer (5 X). The DMA 
mature was incubated at 65" C for 5 min., 3r C for 5 min. and 24" C for 5 min. 
in a water bath. One ul of T4 Hgase was added and the mixture was incubated 
at 15" C for 4 to 6 hours. One ul of the ligated product was mixed with 2.4 ul 
pad<aglng extract (Stratagene, La JoBa, CA) (Red) and 3.75 ul packaging extract 
(Yellow). The ligation mixture was Icept at room temperature lor 2 hours. 250 ul 
phage dilution buffer (stodc phage) was added to the mixture after 2 houre. 

About 10 ul to 100 ul 8tod( phage were added to 100 ui XLI-B cells and 
incubated at 37" C for 10 min. 4 ml of 55"C top agarose was added and the 
mbeture was plated on L-Agar gel plates at 3r> C overnight 
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D. HYBRIDITATIQN 

A piece of nylon hybridization transfer membrane Zetaprobe (BloRad Richmond, 
CA) was laid on the surface of the gel which contains lysis plaques for 1 min. 
The membrane was then transferred to on a blot paper soaidng 0.5 M NaOH, 
plaque side up for 15 min. The membrane was then rinsed in 2X SSC for 5 min. 
twice. The membrane was then placed on a blot paper before crosslinking under 
UV light for 30 seconds. The membranes were then placed in plastic bags for 
hybridization. 

Oligimers (Table 1) were radioactiveiy labeled using ^ y-ATP by standard 
methods (T4 kinase). The labelled probes were added to bags containing plaque 
lifts. Hybridization was performed at the temperature which is 1 0" C below the 
melting temperature of the probe for 1 hour in a shaking bath. The membranes 
were then removed and washed in 3X SSC/0.1% SOS at room temperature for 
5 min. and in 3X SSC/0.1% SOS at the melting temperature of the probe for 30 
min. The excess solution was removed from the membrane before wrapping in 
Saran Wirap. The membranes were exposed at -80" C for 4 hours or ovemlghL 
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Qliaomere Usad In Sputum Dfltarfiflf] 

Oligomers used in detection of p53 gene mutations 

SEQ. ID no.'. 

1 5. S'-CAC CAG CCC CTC CTG G-3' (codon 89 del 1 C) Melting T. 56*C 

1 6. y-TCT GGG CTG CTT GCA TTW (codon 1 1 3 TTC to TGC) MT. 56«C 

17. 5'-GCC AAC TGC CCA AGA CC-3' (codon 138 GCC to CCC) MT. 56*C 

18. 5'-GCC CTG TGT AGC TGT GG-S* (codon 144 CAG to TAG) MT. 56'C 

19. 5'-GCA GCT GTG AGTTGA TTC^' (codon 146 TGG to TGA) MT. 54«C 

20. S'-TTC CAC ACA CCC GCC CG^' (codon 151 CCC to CAC) MT. 58«C 

21. 5'-CCC GCC CGT CAC CCG C-S* (codon 154 GGC to GTC) MT. 60'C 

22. 5'-GCA CCC GCT TCC GCG C-3' (codon 157 GTC to TTC) MT. 58«C 

23. 5'^CG COT CCT CQC CAT Q-Z' (eodon 158 CGC to CTC) MT. 5e'C 

24. 5'-CGT CCG CGT CAT GGC C-3' (codon 159 GCC to GTC) MT. 56'C 

25. 5'^:GC cat GGA cat CTA CA.3* (codon 161 GCC to GAC) MT. 52«C 

26. 5'-CGC CAT GAC CAT CTA CA-3' (codon 161 GCC to ACC) MT. 52*C 
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SEQ. ID WO ■ 

27. 5'-ACA TGA CGT AGG TTG TOM' (codon171 GAG to TAG) MT. 52-C 

28. 5'.CGG AGG TTT TGA GGC GW (codon 173 GTG to TTG) MT. 56-C 

29. S'-TTG TGA GGC ACT GCC CW (codon 175 CQC to CAC) MT. 56-0 

30. y.TTG TGA GGC TCT GCC CC^ (codon 175 CGCIo CTC) MT. se-C 

31. 5'^GO CGC TGG CCC CAC &3- (eodon 176 TGC to JGG) MT. 58-0 

32. S'-AGG CGC TAC CCC CAC C4- (oodon 176 TGC to TAC) MT. S6-C 

33. S'-AfiGCGCTTCCCCCACC^(codon176TBC,oTTC)MT.56-C 

34. 5'-CCCCCACTATGAGCGCT^-(codon179CATtoTAT)MT.56-C 
3r>. 5'-CCCCACCAGGAGCGCT^'(.odon179CATtoCAG)MT.56.C 

36. 5--CCCCACCGTGAGCQCT^(codon179CATtoCGT)MT.56.C 

37. '•■«:C CCA CGA TGA GCGC^ (codon 179 CAT.0 GAT) MT.56.C 

38. S'-TCAGCATCGTATCCGAG^(codon194CTrtoCGT)MT.52.C 

39. 5'.ATCCGAGTGTAAGGAAATT-3'(codon19BGAAtoTAA) MT. 52-0 
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SEQ.IDMQ.! 

40. 5'-CGA GTG GAA GAA AATTTG C-3'(codon199 GGA to GAA) MT.54*C 

41 . 5'-TGT GGA GTG TTT GGA TGA-3' (codon205 TAT to TGT) MT. 52'C 

42. ff-TGG ATG ACT GAA ACA CTT T-3'(codon209 AGA to TGA) MT. 52«C 

43. 5'-ACA CTT TTT GAC ATA GTG T-3'(codon213 CGA to TGA) MT. SO'C 

44. 5'^CA CTT TTC CAC ATA GTG T-3'(codon213 CGA to CCA) MT. 52«C 

45. 5'^C TTT TCG ACQ TAG TGT G^'(codon214 CAT to CQT) MT. 5e*C 

46. 5'-TTT TCG ACA TAT TGT GGT G^'(codon215 AGT to ATT) MT. 52'C 

47. 5'^TA GTG TGT TGG TGC CCT.3' (codon 217 GTG to TTG) MT. 54«C 

48. S'-GGT GCC CTGJTGA GCC G^' (codon 220 TAT to TGT) MT. 56*C 

49. S'-CCG CCT GAC GTC TGG TT-3' (codon 224 GAG to GAC) MT. 58-C 

50. S-.TCT GAC TGA ACC ACC ATC^'(codon 229 TGT to TGA) MT. 54«C 

51. 5'^TCCACTGCAACTACAT.3'(c.don234TACtoTGC)MT.52-C 

52. 5*^ CTA CAT ATG TAA CAG TT^Xcodon237 ATG to ATA) MT.52-C 
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SEQ ID Mn- 

53. 5'^CT ACA TGT TTA ACA GTT CC-3'(co(lon238 TAT to TTT) MT.SA'C 



54. 


5'^CT ACA TGT GAA ACA GTT CC^'(codon238 TAT to TGA) MT.56-C 


55. 


5'.CAG TTC CTC CAT GGG CG^' (codon 242 TGC to TCC) MT 56-C 


56. 


5'.CAG TTC CTT CAT GGG CG^' (codon 242 TGC to TTCyMT S4'C 


57. 


S-^G TTC CTG GAT GGG CG^' (codon 242 TGC to TGG) MT SS-C 


56. 


5'^CTGCA TGTGCG GCA TG.3' (codon 244 GGC to TGC) MT SB-C 


59. 


5'-GCA TGG GCT GCA TGA AC-3' (codon 245 GGC to TGC^ MTiiA.n 


60. 


y-OCA TGG 6CG ACA TOa ap v z,^^. 

wo 1X9X3 ISAACS (codon 245 GGC to GAC) MT. 54«C 


61. 


MGC GGC ATC AAC CGG AW (eo,^ 2« ATG to ATC) MT. 58.C 


62. 


MGCATS ATCCGG AGO CW (codon 247 AACtoATO MT. SB-C 


63. 


S<AT GAA CCT GAG GCC CAM' (codon 2« CGO to CTG) MT. 56-0 


64. 


y-GCA TGA ACT GGA GGC CCA* (codon 248 CGG to TX3G) MT. 58-C 


85. 


?-GCA TGA ACC AQA GGC CCA.? (codon 248 CGG to CAG) MT. Se-C 
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SEQ. ID MO.! 

66. 5'-AAC CGG AGT CCC ATC CTC-3' (codon 249 AGG to AGT) MT. 58*C 

67. CGG AGC CCC ATC CT-3* (codon 249 AGG to AGC) MT. S6«C 

68. S^-fiAC CGG ATG CCC ATC CTC-3' (codon 249 AGG to ATG) MT. 58«C 

69. 5'-GAA CCG GGG GCC CAT C-3' (codon 249 AGG to GGG) MT. 56*0 

70. y-TCA CAC TGT AAG ACT CCA-3'(codon 258 GAA to TAA) MT. 52*C 

71 . 5'-TCA CAC TGA AAG ACT CCAr3'(codon 258 GAA to AAA) MT. 52'C 

72. S'-CAC TGG AAG TCT CCA GGT-3'(codon 259 GAC to GTC) MT. 56«C 

73. S-.TAA TCT ACC GGG ACG GAA.3'(codon 265 CTG to CCG) MT. 54»C 

74. S'-TAA TCT ACC TGG ACG GAA.3'(codon 265 CTG to CCT MT. 52'C 

75. 5'-TCT ACT GGT ACG GAA CAG-3'(codon 266 GGA to GTA) MT. 54«C 

76. S-^CT GGG ACC GAA CAG CTr-3'(oodon 267 CGG to CCG) MT. 54«C 

77. 5'-GCT TTQ AGC TQC GTG TTT-3'(codon 272 QTG to CTG) MT. 54«C 
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SgQ. tPMQ.; 

78. 5*-GCT TTG AGG AGC GTG TTT.3'(codon 272 GTG to GAG) MT. 54«C 

79. 5'-TTG AGG TGC TTG TTT GTG-3'(codon 273 CGT to CTT) MT. 52«C 

80. 5'-TTG AGG TGT GTG TTT GTG-3'(codon 273 CGT to TG"0 MT. S2*C 

81 . 5'-TTG AGG TGC ATG TTT GTG-3'{codon 273 CGT to CAT) MT! 52'C 

82. 5'-7TQ AGG TGC CTG TTT GTG-3'(codon 273 CGT to CC7) MT. 54»C 

83. 5'^GQ TGC GTG GTT GTG CCT-3'(codon 274 GTT to GG7) MT..58*C 

84. 5'-GCG TGTTTATGC CTG CCT^'(codon 275 TGT to TAT) MT. 56'C 

85. 5'^CG TGT TTT TGC CTG CCT^'(codon 275 TGT to TTT) MT. S6«C 

86. 5'-TTG TGC CTT TCC TGG GAG^'(codon 277 TGT to TTT) MT. Se-C 
B7. 5'-TGC CTG TCT TGG GAG AGA-S'Ccodon 278 CCT to CTT) MT. 56«C 
J8. S'-TGC CTG TTC TGG GAG AGA-3'(codon 278 CCT to TCT) MT. 56'C 
J9. 5'.TGC CTG TCG TGG GAG AGA4'(codon 278 CCT to CGT) MT. 58«C 
10. 5'.TCCTGGGATAGACCGGCG.3'(codon280AGAtoATA) MT. 58-C 
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SE0.IDMO; 

91. S'-TGG GAG ATA CCG GCG CAW(co<ton 281 GAC to TAC) MT. 5e-C 

92. S-GAG AGA CCC GCG CAC AG^- (codon 282 CGG to CCG) MT. 58-C 

93. 5'-QAOAGAC6GGCGCACA&3-(eodon282CGGtoGGQ)MT.S8-C 

94. S-^MG AGA CTG GCG CAC AG* (eodon 282 CGG to TGG) MT. Sa-C 

95. '•'*<»CCGGCCCACAGAGG^-(codon283CGCtoCCC)MT.58.C 

96. «''ASACCGGGGCACAGAGW(oodon283CGCtoGGC)MT..58^ 

97. P-CCG GCG CCC AGA GGA A^ (codon 284 ACA to CCA) MT. 56- 

98. '•«CGCACAAAGQAAGAQAA^,codon285GAOteAAG)MT.S4, 
9^. '•■C*CAGAGGGAGAGAATCT^-(«^2MGAAtoGGA)MT.54, 



C 
C 

c 



100. ^-*TCTCCGCrAGAAAGGGG^-(«ten291AAGtoTAG)MT.5e.C 

101. S-GOAAGAAAGGGAGOCTC^-(codon293*.,G)MT.54-C 

102. ?-<=TCACCACTAGCTGCCC^-,«don29eGAGtoTAG)MT.Se.C 

103. S'-GATGTTCTG AGAGCTGAA^.(c«,o„ 342 CGAto TQA) MT. 52-0 
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SEQ. ID NQ.; 

1 04. 5'.GAT GTT CCA GAG CTG AAT-3'(codon 342 del 1 G) MT. 52'C 

105. 5'-GGC CTT GAA CTC AAG GAT-3'(codon 349 del 1 G) MT. 54«C 

106. S'-CTG GGA GAC ACC GGC G-3' (codon 281 GAC to CAC) MT. 56*C 
5 107. 5'.ACCGGAGGTTCATCCTC-3'(codon250CCCtoTTC)-MT.54«C 

108. 5'.GATGTGTAAACAGTTCCTG-3'(codon239ins1A)MT.54«C 

109. 5'-AGC ATC TTA ATC CGA GT6^'(co<lon 1 95 Ins 1 A) MT. 52*C 

1 1 0. 5'-GTC TGG CCC TCC TCA GC-3' (codon 1 91 del 1 C) MT. 58*C 

111. 5*-GCT GCC CCC CAC CAT GA-3' (codon 178 ins 1 C) MT. 58*C 
10 112. 5'-CCG CGT CG Z GCC ATG-3' (codon 158 del 1 C) MT. 54'C 

1 1 3. S'.AGA CCT GCC TGT GCA GC-3' (codon 142 del 1 C) MT. 56«C 
y-CCT GTC CTT GQQ AQA GA-3' feodon 279 In s 1 T\ MT 54»n 

(Boyle. Bt al., Can. Ras. £11121:4477, 1993; Hdlstein. et aL, Sdence 253:49. 
1991: Somers, etaL, Can. Res. £2:5997, 1992; Sakai, atal., Oneogana. 2:972, 
15 1992). 
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Oligomers used In detection of n» g«n« mutations 

1 1 5. 5'-GGAGCTGTTGGCGTAGGCAA-3' (Val«), 

1 1 6. S'-GGAGCTGATGGCGTAGGCAA-y (Asp'^, 

1 1 7. 5'-GGAGCTAGTGGCGTAGGCAA-3' (S«r«), 

1 1 8. 5'-GGAGCTTGTGGCGTAGGCAA-3' (Cys") 



E. HYBRlDi7ATinK^ RFTFnTirM 

Alternatively, the oligomers were labeled using chemllumlnescence. 100 pmoles 
of oligomers was added to 16 ui cacodylate buffer. 10 ul fluorescein-dUDP. 16 
ul temiinal transferase and water to total 160 ul. The mixture was incubated for 
1 hour at 37* C. 

Membraneswerepre^iybrtdizedfbrl hourln(5XSSC/.02%SOSandO^%(W/V) 
blocking agent (milk) (Amersham. UK)]. The prohe was added and hybrklization 
was aik>wed to go fbr 1 hour at the temperature which Is 1 0» C betow the melting 
temperature of the probe in shaking bath. The membranes were washed In 3X 
SSCA).1% SDS at mom temperature 5 min. twice. The membranes were then 

washed In 3X SSCfl). 1 •^ SDS at the melting temperalum of the probe fbr 1 5 min 
three times in the washing bath. The membranes were then rinsed (NaCI. 015 
moMIt Tris buffer. 0.1 moMit pH7.5) fbr 1 minute followed by Incubation in block 
buffer (5% dry nonM mflk/TBS) fbr 30 min. The membranes were then rinsed 
in TBS for 1 min. and Incubated in antibody solution (1:5000 antWluoresceln 
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alkai™ pho«,hata« antibod, (Beehringe, ManheN in 5% milk/TBS) for 30 
jme. The memb^ne was ft.„ washed in TBS b, 5 ni.. e^h. «mes w«h 
sh^ng^ The detection -eagent. lumigen PPD (Bo«hhg.r Manheim 1:100 in 
M Cl,50 nn«,«i.^s, pH 9.5, were n,Ued, and .» btots incubated in .h. 

"*'""'""^«'»^'°^^«"""">»«iata^fer10t=e0minutes 



Pa^ffln «„b«W«f phm«y lung tumo, sanvle, »o™ 15 p.««« who wen. on 
1^ . «"^«v..aM«yo,pa™«n ^t^edd^lL^ 

a9nM«. •'»««««™9«l>act»flofta™,ONA...,g„««oftwot,™etgene, 
^enoctcSno^lTch^Z^"" ■™* l«3 W «^p«,or gene 

0, .e PC« pn-uc ^ .e two J^rtel^ i^ 
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tumors which contained either a k-ras or p53 gene mutation (Table 2). The k-ras 
mutations were those commonly associated with adenocarcinoma of the lung 
and occurred predominantly at codon 12. The two p53 mutations occurred at 
codons 273 and 281. and both were previously described in lung cancers 
(Takahashi. e/a/.. supn: Kishimoto. etal., supra; HoOstein. etaL, supra). Many 
tumor samples were small ((Ian) and DMA was insufficient for extensive 
sequence analysis of p53 (exons 5 to 8) in all tumors. 

Following identiiication of tumors with oncogene mutations. aU of the available 

corresponding sputum sampkw fhDm these affected patients were obtal^^ 
None of ttie patients that were analyzed ever had a positive sputum cytology in 
the JHLP study. Therefore, all but one of tiie patients (L4 evaluated because of 
cough) were diagnosed by chest x<ray. 

Those sputum samples tiiat were available, (generally one or two samples prior 
to cfinical diagnosis) were analyzed by a PCR^sed assay able to detect one 
mutant containing cell among an excess background of 10.000 nomial cells 
(Sriransky. e* a4 Science. 2^:706-709. 1991; SIdransky. D.. et d.. Science 
25fi:102.105.1892). This assay was based on ttie amplifteation of sputum DMA. 
followed by ckxting into a phage vector and transfer to nylon membranes as 
described in Example 1. A mutant-spedfic oligomer was hybridized to each of 
the filters to Uentify specific point mutations in eittier ttie k-ras or p53 gene 
Ptwent in sputum. Neoplastic cells harboring eMher ras or p53 mutations were 
detected In sputum from eight of ttie 10 patients who had tumors containing 
oncogene mutations. Positive sputum samples harboring a ck>nal population of 
cancer celb were obtained from one to 13 monttis prior to clinical diagnosis 
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(T able 2). Detection of one cancer cell among 160 normal cells (1/320 + 2 = 1 60; 
each nomial cell contributes 2 wildtype alleles) was detected in sputum from 
Patient L4 thirteen months prior to his clinical diagnosis (Table 2). The tumor 
from this patient contained >95% positive plaques when probed with a mutant- 
specific codon 273 oligomer for p53 and his sputum sample also contained 
several positive plaques (Figuns 1). Many denes wHh a PCR Insert from the p53 
gene hybridized to an oligomer probe specific for the codon 273 Arg-His 
mutation in the patients (L4) tumor (7). A fewer number of clones hybridized to 
the same specific probe in the patients 8putum(S). There were no hybridizing 
dones to this probe in a control sputum from a patient (L15) without a p53 gene 
mutation in his primary lung cancer (C). Stored sputum samples in 30cc screw 
top glass bottles containing 2% eart)owax/50% alcohol (Saccomanno's fixative) 
preservative sdufion were located (details on colledion of samples in (Beriin, Nl. 
Buncher. CR. Fontana. RS. Frost JK & Melamed! MR, Am Rbv Resp Dis 
130:545-549. 1984; Todcnan. MS. Chesf 89:324S425S. 1986; Todcman. MS 
etal.. J can Onco/fi;1 685-1 693, 1988)], 5cc was removed fiom each (approx' 
50.000-500.000 ceOs). spun at xl.OOOg for Sntiins. and lehydrated in 5cc of 
normal saline. Cells were then respun xl.OOOg and resuspended ) 1 ml of 1% 
SOS/^roteinase k (5mg/^ was used for eadi PCR reaction perfonned in a 

separate PCR dedicated room to eimlnate possibility of contamination. Primers 
twm k-ras and p53 contained EcoRI sites to fodiitate doning. Following 35 
cycles of amplification, products were deaved with EcoRI and ligated to lamda 
Zap 11 (Stratagene) (SIdransky. 0.. 9taL, Scfe/ice25fi:102-105. 1992). XU cells 
infected with bacteriophage were plated on L-Agar at a density of 500-3.000 
plaques per plate, transferred to nyton membranes and hybridized with 
oligonudeotMes used for hybridizations were labelled with «p and hybridized as 
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10 



15 



20 



25 



in (Sidransky. D.. et ai, Science 252:706-709. 1991; Sidransky, et al, 1992, 

Supra). Ollgonudeotldes used for detection included: 5'i 

GGAGCTGGTGGCGTAGGCAA-3' for WT ras (SEQ. ID NO. 119). 5'. 

GGAGCTGTTGGCGTAGGCAA.3' for the Val« mutant (SEQ. ID NO. 1 15) 5'. 

GGAG(rrGATGGCGTAGGCM.3' for the Asp« mutant (SEQ. ID NO. 1 16) 5'. 

GGAGCTAGTGGCGTAGGCAA.3' for the Ser« mutant (SEQ. ID NO. 117)' 5'. 

GGAGCTTGTGGCGTAGGCAA.3' fbr the Cy8« mutant (SEQ. ID NO 118)' 5'. 
ATGGGCGCCATGAACCGG-3' for WT p53 (SEQ. ID NO: 120) "s". 
TTGAGGTGCATGTrrGT6.3' for the Hls"» mutant (SEQ. ID NO. 121). and S". 
TGGGAGAGGCCGGCGCA^' for the Gly»' mutant (SEa ID NO. 122). 

To verify fdentfficatlon of the codon 273 mutation in the sputum, a positive plaque 
from the sputum assay was picked and sequenced conflmUng presence of the 
samemutatfon(FIGURE2). Sequencing gels of pooled dones for p53 show the 
WT sequence In a nomial (N) control and the 273 CGT-CAT (A/g-Hls) mutant 
sequence(am,w)lnthetumor(T)wttharesldualWrband. One positive plaque 
deputed in FIGURE1(S) was picked andsequencedre^^^ 
banduisputum(S)asthatfeundlntheprima,ytumor. In each panel, the lanes 
rep^sentA.C.G.andTtemunatlonsfromlefltoright Briefly. tumor DNA was 

fh)m p«aflh Slides by incul«tion in 
SOS^iotemasekandethanolp^dpitatfon. Exon1 oftheK-rasgeneandexons 
5 to 8 Of P53 (If sufficient DNA available were amplified by PCR, cloned Into 

i^'Txta2apll(StRrtagene)and«K,uencedasdescribed(SkJransky.e/a/.. 1991 
^Pn^ However, the p53 gene was amplified In two segments uttong the 
followmg primers: p53.5S 5'.GTAGGAATTC5ACTTGTGCCCTGACTT.3' (SEQ 
•DN0.3)andp53^5'^:ATCGAATTCCACTGACAACCACCCTT.3'(SEQ ID 
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NO. 4) (exons 5^): p53-7S ff-GTAGGAATTCCAAGGCGCACTGGCCTC-a' 
(SEQ. ID NO. 5) and p53-8AS S'-ACTGAATTCTTCGTCTCCTCCACCGC-S' 
(SEQ. ID NO. 6) for exons 7-8. 

In positive sputum samples, the ratio of cancer to normal cells ranged from one 
in 600 (Patient L5) to 1 in 50 (Patient L3), witti the msqority of sample containing 
approximately one cancer cell among i 50 nomfial cells. Five control patients with 
lung cancer whose tumors did not contain either a k-ras (codons 12 -and 13) or 
pS3 (exons 5 to 8) gene nuitation by sequence analysis were negative by this 
assay for all twelve k-ras and both p53 mutarrt-spedfic probes. 

In two patients, both of whom had only a single sputum sample available a donal 
population of mutant-containing cells was undetectable despite the presence of 
mutations in their primary tumors (Table 2). Furthemwre, the first emergence of 
a clonal population of cancer ceUs in positive patients was untraceable by this 
sputum assay because of missing samples prior to diagnosis. However, in six 
of the 10 patients, sputimi samples were available )24 months prk)r to diagnosis 
wd were negative. This suggests a limit of 13 to 24 months for molecular 
diagnosis by our assay prior to dintcal presentation. As a further control, 6/8 
patients who initiafly tested positive, were found to test negative in sputum 
samples obtained foDowing complete surgical resection of theirtumor. There did 
not appear to be any correlatnn between the site of the tumor and the abifity to 
detect mutations in sputum samples by tills assay. Talse negative" samples 
may be due to Inappropriate collection, poor cellular content or to the variable 
presence of tumor cells in sputum. Infomiation gained from cytological diagnosis 
in sputum through routine light microscopy has previously suggested that 
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examination of two or three samples may improve ttie diagnostic yield 
significantiy, and this likely pertains to molecular diagnosis as well. 

Patient L4 with a large T, lesion had the longest interval (13 months) from 
sputum detection to diagnosis. He also had a negative transthoracic biopsy six 
months prior to definite diagnosis because a small lesion was noted on chest x- 
ray. This patient thus had two opportunities for routine eytopathologic detection 
prior to dinical diagnosis. He died of metastatic disease four months following 
surgical resection. This particular case senses to Oiustrate the fimitations of 
routine cytology and ttw ability to augment morphologic analysis through the use 
of probes for specific gene mutations. 
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■ \ IJMfi CAMCER PATIgMTS WITH GgNg MUTATION 
ANALYSIS QP SPUTUM 



MUTATIONS FOUND 
IN SPUTUM 



Patient 


Age/ 


[Tumor 


Tumor Type/ 


[Tumor 


Pre- 


Ratio 

[WT) 


Post- 


No. 


Sex 


Location 


State* 


Mutations 


Dx 


Op 












(Mon.) 


LI 


65/M 


RUL 


AyT1,N0.MO 


Kra8-12Ser 


3 


1/270 


Neg. 


L2 


57/M 


LUL 


PJT2.M.M0 


Kras-12Asp 


1 


i/3oa 


N/A 


L3 


63/M 


RUL 


AyT1,N0,MO 


Kra8-12Val 


4 


1/100 


Neg. 


L4 


51/M 


LUL 


fiJT2,W,M0 


b53-273Hi8 


13 


1/320 


N/A 


L5 


67/M 


LUL 


AyT1,N0.MO 


<ras-12Cys 


1 


1/1200 


Neg. 


L8 


er/M 


RUL 


A7T3.N0.MO 


)53-281Giy 


Neg. 


J 


Neg. 


L7 


7Q/M 


RUL 


AyT1,N0.MO 


<ras-12Cy8 


1 


1/220 


Neg. 


L8 


59/M 


RUL 


AyT1,N0,MO 


Kra8-i2Cy8 


1 


1/170 


Neg. 


L9 


48/M 


RUL 


fUT^, HOMO 


Krae-12Val 


Neg. 


0 


Neg. 


L10 


63/M 


Ra 


Ayri.N0.MO 


Kra8-12Cys 


1 


1/330 


Neg. 


L11 


60/M 


RUL 


AyT3,N1.M0 


None 


Neg. 


0 


NO 


L12 


56/M 


La 


AVTLNCMO 


None 


Neg. 


0 


NO 


L13 


65/M 


RUL 


ATTLNCMO 


None 


Neg. 


0 


NO 


L14 


61/F 


RUL 


Ayr2.NO.MO 


None 


Neg. 


9 


ND 


LIS 


62/M 


LUL 


Ayr2.N0,MO 


None 


Ne^. 


0 


ND 



A.: adenocarcinoma 

L Large oea carcinoma 

Pre-Ox: months prior to actual dinlcai diagnosis 

Op: operation N/A: Not available 

NO: not done 

IWT: number of mutant alleles/Total plaques with target gene insert 

#RUU fight upper lobe; 

LUL: left upper lobe; 

RU.: right lower lobe; 

LLL: left lower lobe, of the lung. 

'Staging system is according to the ASCC (Mountain. CF.. Chest, fiS:225S-233S, 
1986). All sputum samples for Patients L1 to L10 were reamplified. recioned. 
and the assay repeated for verification. 
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The results of these experiments provide an emtxxdiment wherein successful 
detection of neoplasia was accomplished and provides a practical basis for a 
new approach for detecting the presence of neopla^s, such as lung tumors, in 
a non-invasive ^shion. The approach would have utifity in monitoring patient 
5 populations and treatments designed to minimize the incidenee of neoplasia. It 
also could tie used in screening asymptomatic patients, espedalty those at risk 
by virtue of inherited or environmental factors, for the presence of neoplasia. 
The current results indicate that a significant fraction of early lung cancers and 
dangerous pre-malignant lesions can be identiiied through this strategy. 
10 Additionally, these findings indicate that other mutant nucleotide sequences, 
besides K-ras and p53, which are associated or indicative of lung neoplasias, 
would also be detectable In sputum specimens. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(I) APPLICANT: The Johns Hopidns University School of Medicine 

(II) TITLE OF INVENTION: NUCLEIC ACID MUTATION DETECTION BY 
5 ANALYSIS OF SPUTUM 

(ill) NUMBER OF SEQUENCES: 128 
(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Spensley Horn Jubas & Lubitz 

(B) STREET: 1880 Century Park East Suite 500 
1 0 (C) CITY: Los Angeles 

(D) STATE: CalMbmia 

(E) COUNTRY: USA 

(F) ZIP: 90067 

(V) COMPUTER READABLE FORM: 
15 (A) MEDIUM TYPE: Roppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-OOS/MS-DOS 

(D) SOFTWARE Patenttn Release #1.0. Version #1.25 

(vl) CURRENT APPUCATION DATA: 
20 (A) APPUCATION NUMBER: PCT 

(B) FILING DATE: 10-NOV.1G94 

(C) CLASSinCATION: 
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(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME:LisaA.Haile 

(B) REGISTRATION NUMBER: P.38.347 

(C) REFERENCE/DOCKET NUMBER: FD-2912 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE (619) 455-5100 

(B) TELEFAX: (819) 455-51 10 



(2) INFORMATION FOR SEQ ID N0:1: 
(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic add 

(C) STRANOEONESS: single 

(D) TOPOLOGY: linear 

00 MOLECULE TYPE DNA (genomic) 
(vO) IMMEDIATE SOURCE 

(B) CLONE K-ras primer 
(ix) FEATURE 

(A) NAME/KEY: CDS 

(B) LOCATION: 1..28 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 
AGGAATTCAT GACTGAATAT AAACTTGT 
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(2) INFORMATION FOR SEQ ID N0:2: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE nucleic add 

(C) STRANOEONESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE DNA (genomic) 
(vii) IMMEDIATE SOURCE: 

(B) CLONE K-FBS primer 
(ix) FEATURE 

(A) NAME^EY: CDS 

(B) LOCATION: 1..30 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:2: 
ATCGAATTCT ATGCATATTA AAACAAGATT 

(2) INFORMATION FOR SEQ ID N0:3: 
(I) SEQUENCE CHARACTERISTICS: 

(A) LENGTh*:26basepairs 

(B) TYPE nudeicadd 

(C) STRANDEONESS: single 
P) TOPOLOGY: linear 

00 MOLECULE TYPE: DNA (genomic) 
(vii) IMMEDIATE SOURCE 

(B) CLONE p53^S 
(ix) FEATURE 

(A) NAME/KEY: CDS 
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(B) LOCATION: 1..26 
(xi) SEQUENCE DESCRIPTION: SEQ iO N0:3: 
GTAGGAATTC ACTTGTGCCC TGACTT 

(2) INFORMATION FOR SEQ ID N0:4: 
(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE nudeicadd 

(C) STRANDEONESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(vfi) IMMEDIATE SOURCE: 

(B) CLONE P53-6AS 
(K) FEATURE 

(A) NAME/KEY: COS 

j(B) LOCATION: 1.^ 
(xO SEQUENCE DESCRIPTION: SEQ ID N0:4: 
CATCGAATTC CACTGACAAC CACCCTT 

(2) INFORMATION FOR SEQ ID N0:5: 
(D SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE nudeicadd 

(C) S7RAN0EDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE DNA (genomic) 
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(vii) IMMEDIATE SOURCE 

(B) CLONE: p53-7S 
(ix) FEATURE: 

(A) NAME/KEY: COS 

(B) LOCATION: 1.^7 

(xl) SEQUENCE DESCRIPTION: SEQ ID N0:5: 
GTAGGAATTC CAAGGCGCAC TGQCCTC 

(2) INFORMATION FOR SEQ ID N0:6: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 base pairs 

(B) TYPE: nudeic add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: Bnear 

(10 MOLECULE TYPE: DNA (genomic) 
(viO IMMEDIATE SOURCE 

(B) CLONE: p53^ 
Cdc) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1.^6 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:6: 
ACTGAATTCTTC6TCTCCTC CACCGC 
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(2) INFORMATION FOR SEQ ID N0:7: 
(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEONESS: single 

(D) TOPOLOGY: linear 

(10 MOLECULE TYPE: DNA (genomic) 
(VM) IMMEDIATE SOURCE: 
(B) CLONE: K.ra8Val12 
(Ix) FEATURE: 

(A) NAME^EY: CDS 

(B) LOCATION: 1.^0 

(xi) SEQUENCE DESCRIPTION: SEQ ID 
TTGCCTACGC CAACAGCTCC 

(2) INFORMATION FOR SEQ ID N0:8: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYP&nucielcacid 

(C) STHANDEONESS: single 

(D) TOPOLOGY: linear 

(iO MOLECULE TYPE DNA (genomic) 
(vIO IMMEDIATE SOURCE: 
(B) CLONE: K.rasAsp12 
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(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION:!. .20 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:8: 
TTGCCTACGC CATCAGCTCC 

(2) INFORMATION FOR SEQ ID N0:9: 
(Q SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nudeie add 

(C) STRANOEONESS: single 

(D) TOPOLOGY: linear 

00 MOLECULE TYP& DNA (genomic) 
(viO IMMEDIATE SOURCE 

(B)CLON&K<4BsSen2 
Ox) FEATURE 

(A) NAME/KEY: COS 

(B) LOCATION: 1..20 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:9: 
TTGCCTACGC CACTAGCTCC 

(2) INFORMATION FOR SEQ ID NO:10: 
0) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE- nucleic add 

(C) STRANOEONESS: single 
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(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: DNA (genomic) 
(viO IMMEDIATE SOURCE: 

(B)CL0N&K-rasCys12 
(ix) FEATURE 

(A) NAMEfl<EY: CDS 

(B) LOCATION: 1..20 

(xO SEQUENCE DESCRIPTION: SEQ ID NO:10: 
TTGCCTACGC CACAAGCTCC 

(2) INFORMATION FOR SEQ ID N0:11: 
(I) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE nucleic add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(iO MOLECULE TYPE ONA (genomic) 
(vii) IMMEDIATE SOURCE 
(B) CLONE p53Hls273 
(ix) FEATURE 

(A) NAMBKEY:COS 

(B) LOCATION: 1..18 

. (xl) SEQUENCE DESCRIPTION: SEQ ID N0:1 1: 
CACAAACATG CACCTCAA 
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(2) INFORMATION FOR SEQ 10 N0:12: 
0) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYP& nucleic add 

(C) STRANDEONESS: single 

(D) TOPOLOGY: linear 

(0) MOLECULE TYPE ONA (genomic) 
(vii) IMMEDIATE SOURCE* 

(B) CLONE p53Gly281 
Ox) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1..17 

(xO SEQUENCE DESCRlPtlON: SEQ ID NO: 
TGCGCCGGCC TCTCCCA 

(2) INFORMATION FOR SEQ ID N0:13: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE nudeie add 

(C) STRANDEONESS: single 
(0) TOPOLOGY: linear 

(D) MOLECULE TYPE ONA (genomic) 
(vii) IMMEDIATE SOURCE 
(B) CLONE K-iasWT 
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(ix) FEATURE: 

(AX NAME/KEY: COS 
(B) LOCATION: 1..20 
(xO SEQUENCE DESCRIPTION: SEQ ID N0:13: 
TTGCCTACGC CACCAGCTCC 

(2) INFORMATION FOR SEQ ID Nb:14: 
(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYP&nudeicacid 

(C) STRANDEDNESS: single 
P) TOPOLOGY: linear 

(H) MOLECULE TYPE: ONA (genomie) 
(vii) IMMEDIATE SOURCE 

(B) CLONE P53WT 
(ix) FEATURE 

(A) NAMEfl<EY:CDS 

(B) LOCATION: 1..18 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:14: 
CCGGTTCATG GCGCCCAT 

(2) INFORMATION FOR SEQ ID N0:15: 

(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 base pairs 

(B) TYPE nudefc add 

(C) STRANDEDNESS: single 
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(D) TOPOLOGY: linear 
(iO MOLECULE TYPE: DNA (genomic) 
Ox) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1.. 16 

(xO SEQUENCE DESCRIPTION: SEQ ID N0:15: 
CACCAGCCCC TCCTGG 

(2) INFORMATION FOR SEQ ID N0:16: 
(D SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYP& nucleic add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

00 MOLECULE TYPE: DNA (genomic) 
Ox) FEATURE: 

(A) NAMEfl<EY: COS 

(B) LOCATION: 1..18 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:16: 
TCTGGGCTGC TTGCATTC 
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(2) INFORMATION FOR SEQ ID N0:17: 
(i> SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base p?»lre 

(B) TYPE: nudeicacld 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: Hnear 

(iO MOLECULE TYPE DNA (genomic) 
(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1..17 

(xO SEQUENCE DESCRIPTION: SEQ ID N0:17: 
GCCAACTGCC CAAGACC 

(2) INFORMATION FOR SEQ ID N0:18: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE nudeic add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

00 MOLECULE TYPE DNA (genomic) 
(ix) FEATURE 

(A) NAMErt<EY: CDS 

(B) LOCATION: 1..17 

(XO SEQUENCE DESCRIPTION: SEQ ID N0:18: 
GCCCTGTGTA GCTGTGG 
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(2) INFORMATION FOR SEQ ID NO: 19: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE- nudeic add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

Oi) MOLECULE TYPE: DNA (genomic) 
(ix) FEATURE 

(A) NAME/KEY: CDS 

(B) LOCATION: 1..18 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:19: 
GCAGCTGTGA GTTGATTC 

(2) INFORMATION FOR SEQ ID NO:20: 
(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE nudeIc add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

m MOLECULE TYPE: DNA (genomic) 
Gx) FEATURE 

(A) NAME«EY:CDS 

(B) LOCATION: 1..17 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:20: 
TTCCACACAC CCGCCCG 
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(2) INFORMATION FOR SEQ ID N0:21: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 base pairs 

(B) TYP&nudeicactd 

(C) STRANOEONESS: single 

(D) TOPOLOGY: Hnear 

(B) MOLECULE TYPE DNA (genomic) 
Ox) FEATURE: 

(A) NAME/KEY: COS 

(B) LOCATION: 1.16 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:21: 
CCCGCCCGTC ACCCGC 

(2) INFORMATION FOR SEQ ID NO:22: 
(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 base pairs 

(B) TYPE- nucleic add 

(C) STRANOEONESS: single 

(D) TOPOLOGY: finear 

00 MOLECULE TYPE DNA (genomic) 
Ox) FEATURE 

(A) NAMEA<EY: COS 

(B) LOCATION: 1..16 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:22: 
GCACCCGCTT CCGCGC 
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(2) INFORMATION FOR SEQ ID NO:23: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 base pairs 

(B) TYP& nudeicadd 

(C) STRANOEONESS: single 

(D) TOPOLOGY: Bnear 

(iO MOLECULE TYPE: ONA (genomic) 
fix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1..16 

(xl) SEQUENCE DESCRIPTION: SEQ 10 N023: 
CCGCGTCCTC GCCATG 

(2) INFORMATION FOR SEQ 10 NO:24: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 base pairs 

(B) TYPE- nudeicadd 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(iO MOLECULE TYPE DNA (genomic) 
(ix) FEATURE: 

(A) NAME/KEY: COS 

(B) LOCATION: 1..16 

(xO SEQUENCE DESCRIPTION: SEQ ID NO:24: 
CGTCCGCGTC ATGGCC 
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(2) INFORMATION FOR SEQ ID NO:25: 
(I) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE: nucleic add 

(C) STRANOEONESS: single 

(D) TOPOLOGY: linear 

00 MOLECULE TYPE: DNA (genomic) 
(oc) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1..17 

(xO SEQUENCE DESCRIPTION: SEQ ID NO:25: 
CGCCATGGAC ATCTACA 

(2) INFORMATION FOR SEQ ID NO:26: 

0) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE: nucleic add 

(C) STRANOEONESS: single 

(D) TOPOLOGY: linear 

(ID MOLECULE TYPE DNA (genomic) 
(Ix) FEATURE- 

(A) NAME«EY:CDS 

(B) LOCATION: 1..17 

(xO SEQUENCE DESCRIPTION: SEQ ID N026: 
CGCCATGACC ATCTACA 
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(2) INFORMATION FOR SEQ ID NO:27: 
(O-SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nudeic add 

(C) STRANOEONESS: single 

(D) TOPOLOGY: finear 

(10 MOLECULE TYPE DNA (genomic) 
(ix) FEATURE: 

(A) NAME«EY: CDS 

(B) LOCATION: 1..18 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:27: 
ACATGACGTA GGTTGTGA 

(2) INFORMATION FOR SEQ ID NO:28: 
(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pans 

(B) TYPE nudeic add 

(C) STRANDEONESS: single 

(D) TOPOLOGY: linear 

(fi) MOLECULE TYPE DNA (genomic) 
(Ix) FEATURE 

(A) NAME/KEY: COS 

(B) LOCATION: 1..17 

(xO SEQUENCE DESCRIPTION: SEQ ID NO:28: 
CGGAGGI II I GAGGCGC 
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(2) INFORMATION FOR SEQ ID NO:29: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE: nudeicacld 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: Bnear 

(10 MOLECULE TYP& DNA (genomic) 
(ix) FEATURE: 

(A) NAME/KEY: COS 

(B) LOCATION: 1..17 

(xQ SEQUENCE DESCRIPTION: SEQ ID HO'29; 
TTGTGAGGGA CTGCCCC. 

(2) INFORMATION FOR SEQ ID NO:30: 
a) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base paifs 

(B) TYPE nudeic acid 

(C) STRANDB-JNESS: single 

(D) TOPOLOGY: linear 

(10 MOLECULE TYPB DNA (genomie) 
(ix) FEATURE 

(A) NAMEACEY:CD8 

(B) LOCATION; 1..17 

(xO SEQUENCE DESCRIPTION: SEQ ID NO:30: 
TTGTGAGGCT CTGCCCC 
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(2) INFORMATION FOR SEQ ID N0:31: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 base pairs 

(B) TYPE: nucleic add 

(C) STRANDEONESS: single 
(0) TOPOLOGY: linear 

m MOLECULE TYPE: DNA (genomic) 
(ix) FEATURE 

(A) NAME«EY: CDS 

(B) LOCATION: 1..16 

(»•) SEQUENCE DESCRIPTION: SEQ ID N0:31: 
AGGCGCTGGC CCCACC 

(2) INFORMATION FOR SEQ ID NO:32: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 base paifs 

(B) TYPE nudeic add 

(C) STRANDEONESS: single 

(D) TOPOLOGY: linear 

00 MOLECULE TYPE DNA (genomic) 
Cue) FEATURE 

(A) NAME«EY: CDS 

(B) LOCATION: 1..16 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:32: 
AGGCGCTACC CCCACC 
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(2) INFORMATION FOR SEQ ID NO:33: 
(I) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 base pairs 

(B) TYPE nudew add 

(C) STRANOEONESS: single 

(D) TOPOLOGY: linear 

(iO MOLECULE TYPE: DNA (genomic) 
(ix) FEATURE: 

(A) NAME«EY:CDS 

(B) LOCATION:!. 16 

(xO SEQUENCE DESCRIPTION: SEQ ID NO:33: 
AGGCGCTTCC CCCACC 

(2) INFORMATION FOR SEQ ID NO:34: 
(I) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE: nudeic add 

(C) STRANOEONESS: single 

(D) TOPOLOGY: linear 

(iO MOLECULE TYPE DNA (genomic) 
(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1..17 

(xi) SEQUENCE DESCRIPTION: SEO ID Na34: 
CCCCCACTAT GAGCGf 
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(2) INFORMATION FOR SEQ ID NO:35: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 base pairs 

(B) TYPE: nucleic add 

(C) STRANDEONESS: single 

(D) TOPOLOGY: linear 

(li) MOLECULE TYPE: DNA (genomic) 
(ix) FEATURE: 

(A) NAME«EY: CDS 

(B) LOCATION: 1..16 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:35: 
CCCCACCAGG AGCGCT 

(2) INFORMATION FOR SEQ ID NO:36: 
(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 base pain 

(B) TYPE: nudeic add 

(C) STRANDEONESS: single 

(D) TOPOLOGY: Bnear 

(ii) MOLECULE TYPE DNA (genomic) 
(ix) FEATURE 

(A) NAME/KEY: CDS 

(8) LOCATION: 1..18 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:36: 
CCCCACCGTG AGCGCT 
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(2) INFORMATION FOR SEQ ID NO:37: 
(iTSEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 base pairs 

(B) TYPE: nucleic acid 

(C) STRANOEONESS: single 

(D) TOPOLOGY: linear 

00 MOLECULE TYPE: DNA (genomic) 
(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1..16 

(xO SEQUENCE DESCRIPTION: SEQ ID NO:37: 
CCCCCACGAT GAGCGC 

(2) INFORMATION FOR SEQ CD NO:38: 
(Q SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE- nudeic add 

(C) STRANDEDNESS: single 
(0) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
Ox) FEATURE: 

(A) NAME«EY: CDS 

(B) LOCATION: 1..17 

(xO SEQUENCE DESCRIPTION: SEQ ID NO:38: 
TCAGCATCGT ATCCGAG 
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(2) INFORMATION FOR SEQ ID NO:39: 
0) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 baM pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE DNA (genomic) 
(ix) FEATURE 

(A) NAMeKEY:COS 

(B) LOCATION: 1.19 

(xO SEQUENCE DESCRIPTION: SEQ ID NO:39: 
ATCCGAGTGT AAGGAAATT 

(2) INFORMATION FOR SEQ ID N0:40: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 base pairs 

(B) TYPE nudeic add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: finear 

00 MOLECULE TYPE DNA (genomic) 
(ix) FEATURE 

(A) NAMEflCEY: CDS 

(B) LOCATION: 1..19 

(xO SEQUENCE DESCRIPTION: SEQ ID NO:40: 
CGAGTGGAAG AAAATTTGC 
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(2) INFORMATION FOR SEQ ID N0:41; 
(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base paire 

(B) TYPE: nucleic add 

(C) STRANOEDNESS: single 
P) TOPOLOGY: linear 

00 MOLECULE TYPE: DNA (genomic) 
rue) FEATURE: 

(A) NAME«EY:CDS 

(B) LOCATION: 1..18 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO-41 
TGTGGAGTGTTTGGATGA 

(2) INFORMATION FOR SEQ ID NO-42- 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 19 base pai« 

(B) TYPE nudeic add 

(C) STRANOEDNESS: single 

(D) TOPOLOGY: linear 

(fi)MOl£CULETYPEDNA(genomic) 
Ox) FEATURE 

(A) NAME«EY:COS 

(B) LOCATION: 1..19 

W) SEQUENCE DESCRIPTION: SEQ ID NO-42- 
TGGATGACTQAAACACTTT 
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(2) INFORMATION FOR SEQ ID NO:43; 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 base pairs 

(B) TYPE nudeic add 

(C) STRANDEONESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(ix) FEATURE- 

(A) NAMBKEY: CDS 

(B) LOCATION: 1..19 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:43: 
ACACTTTTTG ACATAGTGT 

(2) INFORMATION FOR SEQ ID NO:44: 
(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 base pairs 

(B) TYPE: nudeic add 

(C) STRANOEDNESS: single 

(D) TOPOLOGY: finear 

(Ii) MOLECULE TYPE: DNA (genomic) 
(ix) FEATURE- 

(A) NAME«EY:CDS 

(B) LOCATION: 1..19 

(XI) SEQUENCE DESCRIPTION: SEQ ID NO:44: 
ACACTTTTCC ACATAGTGT 
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(2) INFORMATION FOR SEQ ID NO:45: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 base pairs 

(B) TYPE: nucleic ackl 

(C) STRANOEONESS: single 

(D) TOPOLOGY: linear 

00 MOLECULE TYPE: DNA (genomic) 
(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1..19 

(xl) SEQUENCE DESCRIPTION: SEQ ID NO:45: 
CACTTTTCGA CGTAGTGTG 

(2) INFORMATION FOR SEQ 10 N0:4e: 
(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 base pairs 

(B) TYPE- nucleic add 

(C) STRANOEONESS: singte 

(D) TOPOLOGY: linear 

(H) MOLECULE TYPE DNA (genomic) 
(fa() FEATURE 

(A) NAME/KEY:CDS 

(B) LOCATION: 1..19 

(xl) SEQUENCE DESCRIPTION: SEQ ID NO:46: 
TTTTCGACAT A7TGTGGTG 
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(2) INFORMATION FOR SEQ ID NO:47; 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE nucleic add 

(C) STRANDEDNESS; single 
(0) TOPOLOGY: linear 

00 MOLECULE TYPE: DNA (genomic) 
(ix) FEATURE 

(A) NAME/KEY: COS 

(B) LOCATION: 1..18 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:47: 
ATAGTGT6TT GGTGCCCT 

(2) INFORMATION FOR SEQ ID NO:48: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTHns base pairs 

(B) TYPE nudeic add 

(C) S7RANDEDNESS; single 

(D) TOPOLOGY: linear 

(10 MOLECULE TYPE DNA (genomic) 
fa) FEATURE 

(A) NAME«EY: CDS 

(B) LOCATION: 1..16 

(xO SEQUENCE DESCRIPTION: SEQ ID NO:48- 
GGTGCCCTGT GAGCCG 
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(2) INFORMATION FOR SEO ID NO:49: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: finear 

00 MOLECULE TYPE: DNA (genomic) 
(Ix) FEATURE: 

(A) NAMEfl<EY: CDS 

(B) LOCATION: 1..17 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:49: 
CCGCGTGACG TCTGGTT 

(2) INFORMATION FOR SEQ ID NO:60: 
(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE nucleic add 

(C) STR/\NDEDNESS: single 

(D) TOPOLOGY; linear 

(II) MOLECULE TYPE DNA (genomic) 
(ix) FEATURE 

(A) NAME«EY:CDS 

(B) LOCATION: 1..18 

(xO SEQUENCE DESCRIPTION: SEQ ID NO:50: 
TCTGACTGAA CCACCATC 
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(2) INFORMATION FOR SEQ ID N0:51: 
(l)-SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic add 

(C) STRANOEONESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE DNA (genomic) 
(Ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1..18 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:51: 
CATCCACTGC AACTACAT 



(2) INFORMATION FOR SEQ ID NO:52: 
(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base paira 

(B) TYPE nudeicadd 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(fl) MOLECULE TYPE DNA (genomic) 
(ix) FEATURE: 

(A) NAMErt<EY:COS 

(B) LOCATION: 1..20 

(xO SEQUENCE DESCRIPTION: SEQ ID NO:52: 
CAACTACATA TGTAACAGTT 
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(2) INFORMATION FOR SEQ ID NO:53: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base paira 

(B) TYPE: nucleic add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(iO MOLECULE TYPE DNA (genomic) 
(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1.^0 

(xO SEQUENCE DESCRIPTION: SEQ ID N0:5 
ACTACATGTT TAACAGTTCC 

(2) INFORMATION FOR SEQ ID N0:54: 
(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE nudeic add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(.0 MOLECULE TYPE DNA (genomic) 
(Ix) FEATURE: 

(A) NAME«EY:CDS 

(B) LOCATION: 1..20 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO W' 
ACTACATGTG AAACAGTTCC 
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(2) INFORMATION FOR 5EQ ID NO:55: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE: nucleic acid 

(C) STRANOEDNESS: single 

(D) TOPOLOGY: linear 

(ID MOLECULE TYPE: DNA (genomic) 
Ox) FEATURE: 

(A) NAME^EY: COS 

(B) LOCATION: 1..17 

(xl) SEQUENCE DESCRIPTION: SEQ ID NO:55: 
CAGTTCCTCC ATGGGCG 

(2) INFORMATION FOR SEQ ID NO:56: 
0) SEQUBICE CHARACTERISTICS: 

(A) LENGTH: 17 base paira 

(B) TYPE nudeic add 

(C) STRANOEDNESS: single 

(D) TOPOLOGY: linear 

00 MOLECULE TYPE: DNA (genomic) 
(ix) FEATURE: 

(A) NAMeKEY:CDS 

(B) LOCATION: 1..17 

(xO SEQUENCE DESCRIPTION: SEQ ID NO:56: 
CAGTTCCTTC ATGGGCG 



-77- 



(2) INFORMATION FOR SEC ID NO:57: 
(I) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE: nudaic add 

(C) STRANOEONESS: single 

(D) TOPOLOGY: finear 

(ID MOLECULE TYPE DNA (genomic) 
(ix) FEATURE: 

(A) NAME«EY: CDS 

(B) LOCATION: 1.17 

(xO SEQUENCE DESCRIPTION: SEQ ID NO:57: 
CAGTTCCTGG ATGGGCG 

(2) INFORMATION FOR SEQ ID NO:58: 
(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE- nudeic add 

(C) STRANOEDNESS: single 
P) TOPOLOGY: linear 

(n) MOLECULE TYPE DNA (genomic) 
(ix) FEATURE 

(A) NAME/KEY: COS 

(B) LOCATION: 1..17 

(xl) SEQUENCE DESCRIPTION: SEQ ID NO:58: 
CCTGCATGTG CGGCATG 
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(2) INFORMATION FOR SEQ ID NO:59: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE: nudeic acid 

(C) STRANDEONESS: single 

(D) TOPOLOGY: linear 

(fl) MOLECULE TYPE DNA (genomic) 
(ix) FEATURE 

(A) NAME«EY: CDS 

(B) LOCATION: 1..17 

(xO SEQUENCE DESCRIPTION: SEQ ID NO:59: 
GCATGGGCTG CATGAAC 

(2) INFORMATION FOR SEQ ID NO:80: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE nudeic add 

(C) STRANDEONESS: single 

(D) TOPOLOGY: linear 

(il) MOLECULE TYPE DNA (genomic) 
(ix) FEATURE 

(A) NAME/KEY: COS 

(B) LOCATION: 1..17 

(xO SEQUENCE DESCRIPTION: SEQ ID NO:60: 
GCATGGGCGA CATGAAC 
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(2) INFORMATION FOR SEQ ID N0:61: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE: nucleic acid 

(C) STRANOEONESS: single 

(D) TOPOLOGY: Hnear 

00 MOLECULE TYP& DNA (genomic) 
(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1.17 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:61: 
GGCGGCATCA ACCGGAG 

(2) INFORMATION FOR SEQ ID NO:62: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE- nudeic add 

(C) STRANOEONESS: single 
(0) TOPOLOGY: Inear 

m MOLECULE TYPE DNA (genomic) 
(ix) FEATURE 

(A) NAMEA<EY:CDS 

(B) LOCATION: 1.17 

(xO SEQUENCE DESCRIPTION: SEQ ID NO:62: 
GGCATGATCC GGAGGCC 
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(2) INFORMATION FOR SEQ ID NO:63: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 basa pairs 

(B) TYPE: nucleic add 

(C) STRANOEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(ix) FEATURE: 

(A) NAME/KEY: COS 

(B) LOCATION: 1..18 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:63: 
CATGAACCTG AGGCCCAT 

(2) INFORMATION FOR SEQ ID NO:64: 
(D SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEONESS: single 

(D) TOPOLOGY: nnear 

(ii) MOLECULE TYPE DNA (genomic) 
(Ix) FEATURE: 

(A) NAMEA<EY: CDS 

(8) LOCATION: 1..18 
(xO SEQUENCE DESCRIPTION: SEQ ID NO:64: 
GCATGAACTG GAGGCCCA 
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(2) INFORMATION FOR SEQ ID NO:65: 
(I) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic add 

(C) STRANDEONESS: single 

(D) TOPOLOGY: linear 

(iO MOLECULE TYPE: DNA (genomic) 
(Ix) FEATURE: 

(A) NAME«EY: CDS 

(B) LOCATION: 1..18 

(xO SEQUENCE DESCRIPTION: SEQ ID NO:65: 
GCATGAACCA GAGGCCCA 

(2) INFORMATION FOR SEQ 10 NO:66: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base paira 

(B) TYPE:nudeicadd 

(C) STRANDEONESS: single 

(D) TOPOLOGY: linear 

01) MOLECULE TYPE: DNA (genomic) 
r«) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1..18 

(xO SEQUENCE DESCRIPTION: SEQ ID N0:e6: 
AACCGQAGTC CCATCCTC 
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(2) INFORMATION FOR SEQ ID NO;67: 
(i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 17 base pairs 

(B) TYPE: nucleic add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

00 MOLECULE TYPE: DNA (genomic) 
(ix) FEATURE: 

(A) NAME^EY: CDS 

(B) LOCATION: 1..17 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:67: 
AACCGGAGCC CCATCCT 

(2) INFORMATION FOR SEQ ID NO:68: 
(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base paira 

(B) TYPE nudeic add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

flO MOLECULE TYPE DNA (genomic) 
Ox) FEATURE 

(A) NAMeKEY:CDS 

(B) LOCATION: 1..18 

(xO SEQUENCE DESCRIPTION: SEQ ID NO-68- 
AACCQGATGCCCATCCTC 
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(2) INFORMATION FOR SEQ ID NO:69: 
0) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 base pairs 

(B) TYPE: nudeic acid 

(C) STRANDEONESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE DNA (genomic) 
(ix) FEATURE: 

(A) NAME«EY:CDS 

(B) LOCATION: 1.16 

(xO SEQUENCE DESCRIPTION: SEQ ID NO:69: 
GAACCGGGGG CCCATC 

(2) INFORMATION FOR SEQ ID NO:70: 
(I) SEQUENCE CHARACTERISTICS: 

(A) LENGTH- 18 tMse pairs 

(B) TYPE nudeIc add 

(C) STRANDEONESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE DNA (genomic) 
(ix) FEATURE 

(A) NAMEACEY: COS 

(B) LOCATION: 1..18 

(XI) SEQUENCE DESCRIPTION: SEQ ID NO:70: 
TCACACTGTAAGACTCCA 



-84- 



(2) INFORMATION FOR SEQ ID N0:71: 
(I) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nudeic add 

(C) STRANOEONESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE ONA (genomic) 
(ix) FEATURE 

(A) NAME/KEY: CDS 

(B) LOCATION: 1..18 

(xO SEQUENCE DESCRIPTION: SEQ ID N0:71: 
TCACACTGAA AGACTCCA 

(2) INFORMATION FOR SEQ ID NO:72: 
(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nudeic add 

(C) STRANOEDNESS: single 

(D) TOPOLOGY: linear 

(ID MOLECULE TYPE DNA (genomic) 
Ox) FEATURE 

(A) NAMEfl<EY: CDS 

(B) LOCATION: 1..18 

(W) SEQUENCE DESCRIPTION: SEQ ID NO:72: 
CACTGGAAGT CTCCAGGT 
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(2) INFORMATION FOR SEQ ID N0:7: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE nudeic add 

(C) STRANOEONESS: single 

(D) TOPOLOGY: linear 

(u) MOLECULE TYPE: DNA (genomic) 
(ix) FEATURE 

(A) NAME/KEY: CDS 

(B) LOCATION: 1..18 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:73: 
TAATCTACCG GGACGGAA 

(2) INFORMATION FOR SEQ ID NO:74: 
(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE nudeic add 

(C) STKANOEONESS: single 

(D) TOPOLOGY: linear 

GO MOLECULE TYPE DNA (genomic) 
fix) FEATURE 

(A) NAME^EY: CDS 

(B) LOCATION: 1..18 

(xO SEQUENCE DESCRIPTION: SEQ ID NO:74: 
TAATCTACCT GGACGGAA 
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(2) INFORMATION FOR SEQ ID NO:75: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE; nudeicadd 

(C) STRANOEONESS: single 

(D) TOPOLOGY: linear 

(«) MOLECULE TYPE DNA (genomic} 
(ix) FEATURE 

(A) NAMEfl<EY: CDS 

(B) LOCATION: 1..18 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:75: 
TCTACTGGTA CGGAACAG 

(2) INFORMATION FOR SEQ ID NO:76: 
(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE nudeicadd 

(C) STRANOEONESS: single 

(D) TOPOLOGY: linear 

OD MOLECULE TYPE DNA (genomic) 
r«) FEATURE 

(A) NAME«EY:mat .peptide 

(B) LOCATION: 1..18 

(xO SEQUENCE DESCRIPTION: SEQ ID NO:76: 
ACTGGGACCG AACAGCTT 
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(2) INFORMATION FOR SEQ ID NO:77: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE nudeicactd 

(C) STRANOEONESS: single 

(D) TOPOLOGY: linear 

(fl) MOLECULE TYPE DNA (genomic) 
(ix) FEATURE: 

(A) NAME/KEY: COS 

(B) LOCATION: 1..18 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:77: 
GCTTTGAGCT GCGTGTTT 

(2) INFORMATION FOR SEQ 10 NO:78: 
(O SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nudeic add 

(C) STRANOEONESS: single 

(D) TOPOLOGY: Inear 

(ii) MOLECULE TYPE DNA (genomic) 
(Ix) FEATURE 

(A) NAME«EY: CDS 

(B) LOCATION: 1..18 

(xO SEQUENCE DESCRIPTION: SEQ ID NO:78: 
GCTTTGAGGA GCGTGTTT 
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(2) INFORMATION FOR SEQ ID NO:79: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE nudeic add 

(C) STRANOEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE DNA (genomic) 
(ix) FEATURE: 

(A) NAME/KEY: COS 

(B) LOCATION: 1..18 

(xO SEQUENCE DESCRIPTION: SEQ ID NO:79: 
TTGAGGTGCT TGTTTGTG 

(2) INFORMATION FOR SEQ ID NO:80: 
(I) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYP& nudeic add 

(C) STRA^'DEONESS: single 

(D) TOPOLOGY: inear 

m MOLECULE TYPE DNA (genomic) 
(b() FEATURE 

(A) NAMEA<EY: CDS 

(B) LOCATION: 1.. 18 

m SEQUENCE DESCRIPTION: SEQ ID NO:80: 
TTGAGGTGTG TGTTTGTG 
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(2) INFORMATION FOR SEQ ID N0:81: 
(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic add 

(C) STRANDEONESS: single 

(D) TOPOLOGY: linear 

(10 MOLECULE TYPE: ONA (genomic) 
Ox) FEATURE 

(A) NAME^EY: CDS 

(B) LOCATION: 1..18 

(xO SEQUENCE DESCRIPTION: SEQ ID N0:81 
TTGAGGTGCA TGTTTGTG 

(2) INFORMATION FOR SEQ ID NO:82: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nudeic add 

(C) STRANDEONESS: single 
P) TOPOLOGY: Bnear 

00 MOLECULE TYPE DNA (genomic) 
Ox) FEATURE 

(A) NAMEA<EY:COS 

(B) LOCATION: 1..18 

(xO SEQUENCE DESCRIPTION: SEQ ID NO:82: 
TT<3AGGTGCC TGTTTGTG 
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(2) INFORMATJON FOR SEQ ID NO;83: 

(I) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pains 

(B) TYPE: nucleic add 

(C) S7RANDEDNESS: single 

(D) TOPOLOGY: finear 

(10 MOLECULE TYPE DNA (genomic) 
(ix) FEATURE 

(A) NAME«EY:CDS 

(B) LOCATION: 1..18 

(xO SEQUENCE DESCRIPTION: SEQ ID NO:fl 
AGGTGCGTGG TTGTGCCT 

(2) INFORMATION FOR SEQ ID Na84: 
(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE nucleic acid 

(C) STRANOEONESS: single 

(D) TOPOLOGY: Inear 

00 MOLECULE TYPE DNA (genomic) 
(b() FEATURE 

(A) NAMBKEY:CDS 

(B) LOCATION: 1..18 

(XO SEQUENCE DESCRIPTION: SEQ ID NO:84: 
GCGTGTTTAT GCCTGCCT 
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(2) INFORMATION FOR SEQ ID NO:85.- 
(i)-SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: finear 

(ii) MOLECULE TYPE ONA (genomic) 
(Ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1..18 

(xi) SEQUENCE DESCRIPTION; SEQ ID NO:85: 
GCGTGTTTTT GCCTGCCT 

(2) INFORMATION FOR SEQ ID NO:86: 
(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE- nudeic add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(II) MOLECULE TYPE DNA (genomic) 
(ix) FEATURE 

(A) NAME«EY: CDS 

(B) LOCATION: 1..18 

(xO SEQUENCE DESCRIPTION: SEQ ID NO:86: 
TTGTGCCTTT CCTGGGAG 
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(2) INFORMATION FOR SEQ ID NO:87: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nuctete add 

(C) STRANOEONESS: single 

(D) TOPOLOGY: finear 

(10 MOLECULE TYPE DNA (oenomic) 
(ix) FEATURE: 

(A) NAME«EY:CDS 

(B) LOCATION: 1..18 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:87: 
TGCCTGTCTT GGGAQAGA 

(2) INFORMATION FOR SEQ ID NO:88: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE nudeicadd 

(C) STRANOEONESS: single 

(D) TOPOLOGY: linear 

(iO MOLECULE TYPE: ONA (genomic) 
(ix) FEATURE 

(A) NAME«EY:COS 

(B) LOCATION: 1.18 

(xO SEQUENCE DESCRIPTION: SEQ ID NO:88: 
TGCCTGTTCT GGGAGAGA 
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(2) INFORMATION FOR SEQ ID NO:89: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 bass pairs 

(B) TYPE nucleic acid 

(C) STRANOEDNESS: single 

(D) TOPOLOGY: linear 

(li) MOLECULE TYPE DNA (genomic) 
(«) FEATURE 

(A) NAME^EY: COS 

(B) LOCATION: 1..18 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:89: 
TGCCTGTCGT GGGAGAGA 

(2) INFORMATION FOR SEQ ID NO:90: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base paire 

(B) TYPE nudeic add 

(C) STRA^JDEDNESS: single 

(D) TOPOLOGY: Inear 

(fi) MOLECULE TYPE DNA (genomic) 
r«) FEATURE: 

(A) NAME/KEY: COS 

(B) LOCATION: 1..18 

(XO SEQUENCE DESCRIPTION: SEQ ID NO-90- 
TCCTGGGATA GACCGGCG 
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(2) INFORMATION FOR SEQ ID N0:81: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE nucleic add 

(C) STRANOEDNESS: single 

(D) TOPOLOGY: linear 

(il) MOLECULE TYPE: DNA (genomic) 
(fx) FEATURE 

(A) NAME/KEY: COS 

(B) LOCATION: 1..18 

(xl) SEQUENCE DESCRIPTION: SEQ ID N0:91 
TGGGAGATAC CGGCGCAC 

(2) INFORMATION FOR SEQ ID NO:92: 
(D SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE nucleic add 

(C) SIHANDEDNESS: single 

(D) TOPOLOGY: linear 

(B) MOLECULE TYPE DNA (genomic) 
flx) FEATURE 

(A) NAME«EY:CDS 

(B) LOCATION: 1..17 

(Jd) SEQUENCE DESCRIPTION: SEQ ID NO:92: 
GAGAGACCCG CGCACAQ 
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(2) INFORMATION FOR SEQ ID NO:83: 
(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE: nucleic add 

(C) STRANOEDNESS: single 

(D) TOPOLOGY: linear 

(iO MOLECULE TYPE: DNA (genomic) 
fix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1..17 

(xl) SEQUENCE DESCRIPTION: SEQ ID NO:93: 
GAGAGACGGG CGCACAG 

(2) INFORMATION FOR SEQ ID NO:M: 
(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE: nudeic add 

(C) STRANOEDNESS: single 

(D) TOPOLOGY: finear 

(ii) MOLECULE TYPE DNA (genomic) 
foe) FEATURE 

(A) NAME/KEY: CDS 

(B) LOCATION: 1..17 

(xO SEQUENCE DESCRIPTION: SEQ 10 NO:94: 
GAGAGACTGG CGCACAG 
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(2) INFORMATION FOR SEQ ID NO:95: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYP& nudeic add 

(C) STRANDEONESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: ONA (genomic) 
(ix) FEATURE 

(A) NAME/KEY: CDS 

(B) LOCATION: 1.,17 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:95: 
AiSACCGGCCC ACAGAGG 

(2) INFORMATION FOR SEQ ID NO:96: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE nudeic add 

(C) STRANDEONESS: single 

(D) TOPOLOGY: Hnear 

(ii) MOLECULE TYPE DNA (genomic) 
(tx) FEATURE 

(A) NAME/KEY: CDS 

(B) LOCATION: 1..17 

(xO SEQUENCE DESCRIPTION: SEQ ID NO:96: 
AGACCGGGGC ACAGAGG 
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(2) INFORMATION FOR SEQ ID NO:97: 
(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 base pairs 

(B) TYPE: nucleic add 

(C) STRANOEONESS: single 

(D) TOPOLOGY: linear 

(li) MOLECULE TYPE: DNA (genomic) 
(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1..ie 

(xl) SEQUENCE DESCRIPTION: SEQ ID NO:97: 
CCGGCGCCCA GAGGAA 

(2) INFORMATION FOR SEQ ID NO:98: 
(D SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE- nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

fu) MOLECULE TYPE DNA (genomic) 
Ox) FEATURE 

(A) NAMEfl<EY:CDS 

(B) LOCATION: 1..1 8 

(xO SEQUENCE DESCRIPTION: SEQ ID NO:98: 
GCGCACAAAG GAAi-AGAA 
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(2) INFORMATION FOR SEQ ID NO:99: 
(i)-SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 18 base pairs 

(B) TYPE nucleic add 

(C) STRANOEONESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(ix) FEATURE 

(A) NAME/KEY: CDS 

(B) LOCATION: 1..18 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:99: 
CACAGAGGGA GAGAATCT 

(2) INFORMATION FOR SEQ ID NO:100: 
(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE nudeicadd 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

00 MOLECULE TYPE DNA (genomic) 
(Ix) FEATURE 

(A) NAME«EY:CDS 

(B) LOCATION: 1..18 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:100: 
ATCTCCGCTA GAAAGGGG 
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(2) INFORMATION FOR SEQ ID NO:101: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE: nudeicadd 

(C) STRANDEONESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE ONA (genomic) 
(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1..17 

(xl) SEQUENCE DESCRIPTION: SEQ ID NO:101: 
GCAAGAAAGG GAGCCTC 

(2) INFORMATION FOR SEQ ID NO:102: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE: nudeic acid 

(C) STRANDEONESS: single 

(D) TOPOLOGY: linear 

(iO MOLECULE TYPE DNA (genomic) 
fix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1..17 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:102: 
CTCACCACTA GCTGCCC 
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(2) INFORMATION FOR SEQ ID NO:103: 
(I) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE' nucleic add 

(C) STPANOEONESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(ix) FEATURE 

(A) NAME/KEY: CDS 

(B) LOCATION: 1..18 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:103: 
GATGTTCTGA GAGCTGAA 

(2) INFORMATION FOR SEQ ID NO:104: 
(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE nucleic add 

(C) STRANOEDNESS: single 

(D) TOPOLOGY: linear 

(H) MOLECULE TYPE DNA (genomic) 
(ix) FEATURE 

(A) NAME/KEY: CDS 

(B) LOCATION: 1..18 

(xO SEQUENCE DESCRIPTION: SEQ ID NO:104: 
GATGTTCCAG AGCTGAAT 
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(2) INFORMATION FOR SEQ ID NO:106: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE- nucleic add 

(C) STRANOEONESS: single 
(0) TOPOLOGY: linear 

(ii) MOLECULE TYPE: ONA (genomic) 
(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1..18 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 105: 
GGCCTTGAAC TCAAGQAT 

(2) INFORMATION FOR SEQ ID NO:106: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: lebasepaiis 

(B) TYPE: nudeic add 

(C) STKANDEDNESS: single 
(0) TOPOLOGY: linear 

(0) MOLECULE TYPE: DNA (genomic) 
(a) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1..16 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:106: 
CTGGGAGACA CCGGCG 
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(2) INFORMATION FOR SEQ ID NO:107: 
(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE: nudeic add 

(C) STRANOEONESS: single 

(D) TOPOLOGY: linear 

(10 MOLECULE TYPE: DNA (genomic) 
(Ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1..17 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:107: 
ACCGGAGGTT CATCCTC 

(2) INFORMATION FOR SEQ ID NO:108: 
(I) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 base pairs 

(B) TYPE nudeic add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: Inear 

(iO MOLECULE TYPE: DNA (genomic) 
foe) FEATURE: 

(A) NAME«EY:CDS 

(B) LOCATION: 1..19 

(xl) SEQUENCE DESCRIPTION: SEQ ID NO:108: 
CATGTGTAAA CAGTTCCTG 
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(2) INFORMATION FOR SEQ ID NO:109: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE- nudeic add 

(C) STRANOEONESS: single 
(0) TOPOLOGY: linear 

(iO MOLECULE TYPE: DNA (genomic) 
(ix) FEATURE 

(A) NAMEfl<EY: CDS 

(B) LOCATION: 1..18 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:109: 
AGCATCTTAA TCCGAGTG 

(2) INFORMATION FOR SEQ IDNO:110: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE nudeic add 

(C) ST^JANOEDNESS: single 

(D) TOPOLOGY: linear 

(n) MOLECULE TYPE DNA (genomic) 
(a) FEATURE 

(A) NAME«EY:CDS 

(B) LOCATION: 1..17 

(XI) SEQUENCE DESCRIPTION: SEQ ID NO:110: 
GTCTGGCCCT CCTCAGC 
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(2) INFORMATION FOR SEQ ID N0:111: 
(I) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE: nucleic acid 

(C) STRANOEONESS: single 

(D) TOPOLOGY: finear 

00 MOLECULE TYPE: DNA (genomic) 
(ix) FEATURE: 

(A) NAME/KEY: COS 

(B) LOCATION: 1..17 

(xQ SEQUENCE DESCRIPTION: SEQ ID N0:111: 
GCTQCCCCCC ACCATGA 

(2) INFORMATION FOR SEQ ID N0:112: 
(D SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 15 base pairs 
(8) TYP& nudeicadd 

(C) STRANOEONESS: singK^ 

(D) TOPOLOGY: linear 

00 MOLECULE TYPE: ONA (genomic) 
Ox) FEATURE 

(A) NAME/KEY: CDS 

(B) LOCATION: 1.. 15 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:112: 
CCGCGTCGCG CCATG 
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(2) INFORMATION FOR SEQ ID N0:113: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE: nudelc add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(be) FEATURE 

(A) NAME/KEY: CDS 

(B) LOCATION:!. .17 

(xO SEQUENCE DESCRIPTION: SEQ ID NO: 113: 
AGACCTGCCT GTGCAGC 

(2) INFORMATION FOR SEQ ID N0:114: 
0) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE- nudeie add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(iO MOLECULE TYPE: DNA (genomic) 
(Ix) FEATURE: 

(A) NAME;KEY: CDS 

(B) LOCATION: 1..17 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:114: 
CCTGTCCTTG GGAGAGA 
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(2) INFORMATION FOR SEQ ID N0:115: 
(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nudeic add 

(C) STRANDEONESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: ONA (genomic) 
(viD IMMEDIATE SOURCE: 
(B) CLONE: K-ras Val12 
(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1.^0 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:115: 
GGAGCTGTTG GCGTAGGCAA 

(2) INFORMATION FOR SEQ ID N0:116: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE nudeic add 

(C) STRANDEONESS: single 

(D) TOPOLOGY: nnear 

(ii) MOLECULE TYPE: DNA (genomic) 
(vii) IMMEDIATE SOURCE: 

(B) CLONE: K-ras Asp12 
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(Ix) FEATURE: 

(A) NAME/'^EY: CDS 

(B) LOCATION: 1..20 

(xO SEQUENCE DESCRIPTION: SEQ ID N0:116: 
GGAGCTGATG GCGTAGGCAA 

(2) INFORMATION FOR SEQ ID N0:117: 
(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nudeic add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

00 MOLECULE TYPE: DNA (genomic) 
(vi9 IMMEDIATE SOURCE: 
(B) CLONE: K^Ser12 
(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1.^0 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:117: 
GGA6CTA6T6 GCGTAGGCAA 
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(2) INFOR^4ATION,=I^OR SEQiID.N0:118: 
(i)=SEQUENCE5WARAC'^STlCS: 
m LENGTH.-220 base pairs 
^yiTYPE: nudeic add 
5 (C) STRANOEONESS: single 

(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: DNA (genomic) 
(vii) IMMEDIATE SOURCE: 
(B) CLONE' K-ras Cy8l2 
10 (ix) FEATURE 

(A) NAME/KEY: CDS 

(B) LOCATION: 1.^0 

(XI) SEQUENCE DESCRIPTION: SEQ ID N0:118: 
GGAGCTTGTG GCGTAGGCAA 

1 5 (2) INFORMATION FOR SEQ ID N0:1 19: 
(0 SEQUENCE CHARACTERISTICS: 

(A) LFNGTH:20basepairs 

(B) TYPE nudeic add 

(C) STRANDEDNESS: single 
0 (D) TOPOLOGY: linear 

(il) MOLECULE TYPE:.DNA (genomic) 
(vii) IMMEDIATE SOURCE 
(B) CLONE WTK^as 
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(ix) FEATURE; 

(A) NAME^EY: CDS 

(B) LOCATION: 1..20 

(xO SEQUENCE DESCRIPTION: SEQ ID N0:119: 
GGAGCTGGTG GCGTAGGCAA 

(2) INFORMATION FOR SEQ ID N0:120: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE nucleic add 

(C) STRANDEONESS: single 

(D) TOPOLOGY: linear 

00 MOLECULE TYPE- DNA (genomic) 
(vIO IMMEDIATE SOURCE: 

(B) CLONE: Wrp53 
Ox) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1..18 

(xO SEQUENCE DESCRIPTION: SEQ ID NO:120: 
ATGGGCGCCA TGAACCGQ 

(2) INFORMATION FOR SEQ ID N0:121: 
0) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) 7YP& nucleic acid 

(C) STRANDEONESS: single 



-110- 



(D) TOPOLOGY: linear 
(II) MOLECULE TYPE: DNA (genomic) 
(vii) IMMEDIATE SOURCE 

(B) CLONE: p53 HI8273 
(ix) FEATURE: 

(A) NAME^EY: CDS 

(B) LOCATION: 1..18 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:121: 
TTGAQGTGCA TGTTTGTG 

(2) INFORMATION FOR SEC ID NO:122: 
(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE nucleic add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(10 MOLECULE TYPE: DNA (genomic) 
(vii) IMMEDIATE SOURCE 

(B) CLONE: p53Gly281 
(be) FEATURE 

(A) NAME/KEY: CDS 

(B) LOCATION: 1..17 

(xO SEQUENCE DESCRIPTION: SEQ ID NO:122: 
TGGGAGAGGC CGGCGCA 
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(2) INFORMATION FOR SEQ 10 NO:123: 
(!) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYP& nudaic add 

5 (C) STRANDEONESS: single 

(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: DNA (genomic) 
(vil) IMMEDIATE SOURCE: 
(B) CLONE: K-ras probe 
10 C«) FEATURE: 

(A) NAME/KEY: COS 

(B) LOCATION: 1.^8 

(xO SEQUENCE DESCRIPTION: SEQ ID NO:123: 
ACAAGTTTAT ATTCAGTCAT GAATTCCT 

15 (2) INFORMATION FOR SEQ ID Nai24: 
(D SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base paire 

(B) TYPE' nudeic add 

(C) STRANDEONESS: single 
20 (D) TOPOLOGY: finear 

00 MOLECULE TYP& DNA (genomic) 
(vil) IMMEDIATE SOURCE: 
(B) CLONE: K-ras probe 
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(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1..30 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:124: 
AATCTTGTTTTAATATGCATAGAATTCGAT 

(2) INFORMATION FOR SEQ 10 NO:125: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 base pairs 

(B) TYPE nudelc add 

(C) STRANDEONESS: singia 
P) TOPOLOGY: finaar 

(H) MOLECULE TYPE DNA (genomic) 
(viO IMMEDIATE SOURCE 

(B) CLONE p53 probe 
(ix) FEATURE 

(A) NAME«EY: CDS 

(B) LOCATION: 1.^6 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:125: 
AAGTCAGGGC ACAAGTGAAT TCCTAC 

(2) INFORMATION FOR SEQ ID NO:126: 
(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE nudeic add 

(C) STRANDEONESS: single 
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(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: DNA (genomic) 
(vil) IMMEDIATE SOURCE: 

(B) CLONE: p53 probe 
Ca) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1.^7 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 126: 
AAGGGTGGTT GTCAGTGGAA TTCGATG 

(2) INFORMATION FOR SEQ ID NO:127: 
(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE DNA (genomic) 
(vO) IMMEDIATE SOURCE 
(B) CLONE p53 probe 
(ix) FEATURE: 

(A) NAMEA<EY: CDS 

(B) LOCATION: ^.2r 

(xO SEQUENCE DESCRIPTION: SEQ ID NO:127: 
GAGGCCAGTG CGCCTTGGAA TTCCTAC 
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(2) INFORMATION FOR SEQ 10 NO:128: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 base pairs 

(B) TYPE: nudeie add 

(C) STRANDEONESS: tingle 
(0) TOPOLOGY: llnaar 

(fi) MOLECULE TYPE: DNA (genomic) 
(viO IMMEDIATE SOURCE: 
(B) CLONE: p53 probe 
(be) FEATURE 

(A) NAME/KEY: COS 

(B) LOCATION: ^.J2S 

(xO SEQUENCE OESCRIPTIQN: SEQ ID NO:128: 
GCGGTGGAGGAGACGAAGAATTCAGT 26 



The foregoing is meant to illustrate, but not to limit, the scope of the invention. 
lndeed.those of oidlnaiy sMB in the art can readily envision and produce further 
embodiments, based on the teachings herein, without undue experimentation. 
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CLAIMS 

1. A method for detecting a mainmaiian target nudeic add in a sputum 
specimen, wtiich mettiod comprises isolating the nudeic add present in the 
sputum specimen and detecting the presence of the target nudeic add. 

2. The method of claim 1. wherein the target nudeic add is amplified before 
detecting. 

3. The method of claim 2, wherein the amplification is by means of 
oligonucleotides which hybridize to the flanldng regions of the target nudeic 
add. 

4. The method of daim 1, wherein the target nucleic add comprises a 
mutation, a restriction fragment length polymorphism, a nudeic add deletion, 
or a nudeic add substitution. 

5. The method of dam 4, wherein the mutation is a» dated vwth a neoplasm. 

6. The method of daim 5. wherein the neoplasm is of the lung. 

7. The method of daim 6, wherein the neoplasm is benign. 

8. The method of daim 6, wherein the neoplasm is malignanL 
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9. The method of daim 1 . wherein the target nucleic acid associated with the 
neoplasm is selected from the group consisting of an oncogene and a tumor 
suppressor gene. 

10. The method of daim 9. wherein the oncogene is a member of the /Bsfemiiy. 

11. The method of daim 10. wherein the oncogene is K*ras. 

12. The method of daim 9. wherein the tumor suppressor gene is p53. 

13. The method of daim 3, wherein the nucleotide sequence of the fianldng 
region to which the ofigonudeotide hytridlzes is selected from 
5'-ACAAGTrTATATTCAGTCATGAATTCCT-3' (SEa ID NO. 123), 
S'-AATCTTGTTTTAATATGCATAGAATTCGAT^' (SEa ID NO. 124). 
5'-AAGTCAGGGCACAAGTGAATTCCTAC-3' (SEQ. ID NO. 125). 
5'.AAGGGTGGTTGTCAGTGGAATrCGATG-3' (SEQ. ID NO. 126). 
5'-QAGGCCAGTGCGCCTTGGAATTCCTAC-3' (SEQ. ID NO. 127), or 5'- 
GCGGTGGAGGAQACGAAGAATTCAGT-3' (SEQ. ID NO. 128) and 
sequences complementary thereto. 
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14. The method of claim 13. wherein the oiigonudeotide is 
5'.AGGAATTCATGACTGAATATAAACTTGT-3'(SEQ. ID NO. 1), 
y-ATCGAATTCTATGCATATTAAAACAAGATT-S' (SEQ. ID NO. 2), 
5'-GTAGGAATTCACTTGTGCCCTGACTT-3' (SEa ID NO. 3). 
5*-CATCGAATrCCACTGACAACCACCCTT^' (SEQ. ID NO. 4). 
5'-GTAGGAATTCCAAGGCGCACTGGCCTC-3' (SEQ. ID NO. 5). or 
5'^CTGAATTCTTCGTCTCCTCCACCGC-3' (SEQ. ID NO. 6) and 
sequences complementary thereto. 

15. The method of daim 1. wherein the target nudeie add is detected using a 
nucleotide hybridization probe. 

16. The method of daim 15, wherein the target nudeic add to which the • 
nucleotide hybridization probe hybridizes is seleded from 
5'-TTGCCTAC6CCAACAGCTCC-3' (SEQ. ID NO. 7), 
S'-TTGCCTACGCCATCAGCTC W (SEQ. ID NO. 8). 
5'-TTGCCTACGCCACTAGCTCC-3* (SEQ. ID NO. 9). 
5'-TTGCCTACGCCACAAGCTCC^' (SEQ. ID NO. 10), 
5'^CAAACATGCACCTCAA^' (SEQ. ID NO. 11), 
S-.TGCGCCGGCCTCTCCCA-S' (SEa ID NO. 12). 
5'-CCGGTTCATGGCGCCCAT-3' (SEQ. ID NO. 14) or 
5'-TTGCCCACGCCACCAG<rrC03' (SEQ. ID NO. 13). and 

sequences complementary thereto. 
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IT. The RMthod of claim 16. wherein the nucleotide hybridization probe is 
selected from 

5'-GGAGCTGTTGGCGTAGGCAA.3' (SEQ. ID NO. 115). 
5'.GGAGCTGAT6GC6TAGGCAA^' (SEQ. ID NO. 116). 
5'.GGAGCTAGTGGC6TAGGCAA-3' (SEQ. ID NO. 117). 
S'-GGAGCTTGrGGCGTAGGCAA-a (SEQ. ID NO. 118). 
5'-TTGAGGTGCATGmTGTG.y (SEQ. ID NO. 121). 
5'-T6GGAGAGGCCGGCGCA-3^ (SEa ID NO. 122). 
5'-ATGGGCGGCATGAACCG64' (SEQ. ID NO. 120). or 
5*-GGAGCTGGT6GC6TAGGCAA-3' (SEQ. ID NO. 119). and 
sequences complementary thereto. 

18. A Mt useful for the detection of a target nudeic add from a sputum 
specimen, the kit comprising canier means being compartmentalized to 
receive In dose confinement therein one or more containere comprising a 
container containing a hybridization probe which hybridizes to the target 
nudeic add. 

19. The idt of dakn 18. further comprising a container containing an 
ollgonudeolide primer for amplification of the target nudeic add. 

20. The method of claim 18, wherein the probe is detectably labeled. 
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